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COVER PHOTOGRAPH
TWIN TOWERS , Home of the Seed Technology Laboratory and site of the
annual Seeds men• s Short Course,

Built in 1900 as a Textile Engineering Building,

it later housed the Agricultural Engineering Department, At the present time the
University Plant Maintenance Department and the Seed Technology Laboratory
share the building.
This structure has become a landmark for seedsmen from all walks of the
trade.

Over 1800 people have attended the Seedsmen's Short Course throughout

the past 9 years here.

Over 50 students graduating from the Seed Technology curri-

culum have made this old building their headquarters for study .

Scientists and

students from 100 countries have studied inside these walls at one time or another.
Each week sees visitors to Twin Towers and Seed Technology Laboratory.

Some

come singly for specific information, others are a part of a group assembled for
lectures or demonstrations.

Still others come just to look or to visit.

In 1959 ,

these guests numbered 6 39 representing 32 states and 14 foreign countries.
Some day this proud building will have to give way to one roomy enough to
accommodate the expanding Seed Technology Laboratory .

But for the present interest-

ing things are happening within these walls and inquisitive people are passing through
her portals.

It is hoped that her 3 foot walls and 12" x 16" pine beams continue to

support the equipment and the cosmopolitan traffic until she is finally retired.

STAFF
SEED TECHNOLOGY lABORATORY

Dr. Louis N . Wise.

. . . . . . . Agronomist and Director

Dr. H. Dean Bunch

Associate Agronomist and Supervisor

G . Burns Welch . .

. . . . . Associate Agricultural Engineer

Dr. James C . De louche

.Associate Agronomist and Seed Technologist

William P. Caldwell .

. Assistant Agronomist and Seed Technologist

C. Hunter Andrews.

. Assistant Agronomist

Charles E. Vaughan

. Assistant Agronomist
SEEDSMEN'S SHORT COURSE

General Arrangements . . . . . . . . . . . .

. . Louis N. Wise

Program Chairman and Editor of Proceedings.

. H. Dean Bunch

TABLE OF CONTENTS
Program Schedule . . . . . .

1

Preparing Seed for Cleaning
Jim Henderson

7

Selection of Screens for Cleaning Seed .
Jim Henderson

11

Adjustments for Efficient and Precision Seed Cleaning
Jim Henderson

19

................... .

27

. . . . . . . . . . . . . . . "' . . . . . . . . . .

31

Correct Air Ducting from a Cleaner
Jim Henderson
Cylinder Indent Machine
Wayne Sorensen

~

Disc Separators
M. C. Cecka

45

Theory and Operation of the Specific Gravity Separator
Guy Satterlee

53

The Roll Mill. .
Charles E. Vaughan

61

Magnetic Seed Cleaners
H . Dean Bunch

65

Seed Conveyors. . .
H. Dean Bunch

69

Seed Treatment and the Seedsman.
T. C . Ryker

81

Panogen Treater Calibration .
Roy Stutzman

95

Calibrating the Mist-0-Matic Seed Treater and Why.
Bill Acheson

105

Grain and Seed Drying Fundamentals
E. S . Coates

111

Grain Driers . . .
James F . Kelly

119

Insect Control in Grain and Seed in Storage
R. T. Cotton

125

Packaging . . . . . . . .
Neil J . Haggerty, Jr.

139

Are You Planting Good Seed?
Gerald E. Wolfe

147

Seed Quality . . . . .
William P. Caldwell

151

The Preservation of Vigor in Field Seed.
J. S. Rogers

159

Interpretation of Tetrazolium Tests.
James C. De louche

17 5

Registration List . . . .

179

List of Processing Equipment

187

1

PROGRAM SCHEDULE
MONDAY APRIL 25
I

9:00 - 5:00

REGISTRATION - MISSISSIPPI SEED TECHNOLOGY lABORATORY.
the campus and follow the signs.

Find

9:00 - 5:00

EQUIPMENT DEMONSTRATIONS. The following manufacturers representative will be on hand all day Monday to demonstrate the equipment they
represent and to consult with you regarding your seed processing or
handling problems:
Wallace Processing Equipment Co., Canton, Miss.
Bernie Turner Processing Equipment, Nashville, Tenn.
Paul Hattaway Co. , Columbus, Georgia
Bob McPherson, Monroe, Louisiana
A. R. McKay, Processing Machinery, Hickory, N. C.
Henry Callis , Raleigh, North Carolina
Ken McCormick, Denton, Texas

9:00 - 5:00

COFFEE 1 COKES 1 AND DOUGHNUTS.
turers and their representatives.

Courtesy the equipment manufac-

10:00

CAMPUS TOUR

11:00

CAMPUS TOUR. This will be your opportunity to visit the Mississippi
Seed Improvement Association, State Seed Laboratory, Experiment
Station, Extension Service, beef and dairy herds, crop variety tests,
plant breeding plots, and other points of interest.

12:00 - 1:30

LUNCH AT UNIVERSITY GRILL OR CAFETERIA.
reasonable; food excellent.

Prices unbelievably

2:00 - 3:00

SEED TECHNOLOGY AROUND THE WORLD. A travelog by staff members,
Mississippi Seed Technology Laboratory.

3:00 - 4:00

ENTERTAINING BY EDUCATIONAL MOVIES.
ing the Sizzle 11 and others.

11

The Good Harvest 11

,

..

Sell-

ENTERTAINMENT
Everyone is invited to the Lakeside Country Club, four miles east of
Starkville on Highway 8 21
6:30- 7:30

11

Get Acquainted 11 Hospitality Hour.

Courtesy Panogen, Incorporated.

7:30 - 'till

Delicious Chicken Barbecue Dinner.
provement Association.

Courtesy Mississippi Seed Im-
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TUESDAY, APRIL 26
8:30 -

9:30

9:30 - 10:00

WELCOME AND INTRODUCTIONS
PRINCIPLES OF SEED SEPARATION
A thorough understanding can make a good seedsman a better one.

10:00 - 10:30

Coffee

10:30 - 12:00

AIR AND SCREEN CLEANERS .
Preparation of seed for cleaning
Selection of screens
Adjustments for precision cleaning
Correct air-ducting from cleaner

12:00 -

1:30

Lunch at University Grill or Cafeteria

1:30 -

2:15

SEED QUAIJTY
What is it?
How can we measure it?
How c~m it be improved ?
Value to the seedsman

2:15 -

3:00

QUICK TESTING OF SEEDS
Methods available
Uses and limitations
Benefits to seedsmen

3:00 -

3:30

Coffee

3:30 -

5:00

Choice of
SEED PROCESSING DEMONSTRATIONS
Continuous and simultaneous demonstrations of different makes and
models of air-screen cleaners 1 disc and cylinder separators I gravity tables roll mills magnetic and electrostatic separators airlift elevators 1 and other equipment used in seed processing plants.

I

1

cokes

cokes

I

1

and doughnuts

and doughnuts

1

1

TETRAZOIJUM TESTS
Learn by doing
FLORESCENCE TESTS
7:00 -

8:30

HYBRID SEED CORN BULL-SESSION
See page 5 for program

1
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WEDNESDAY I APRIL 27
8:30 -

9:00

9:00 - 10:00

WIDTH AND THICKNESS GRADERS
Description of types
Operational features of each
LENGTH GRADERS
Disc and cylinder separators
Particular role of each type
Arrangement of multiple units

10:00 - 10:30

Coffee

10:30 - 11:30

SPECIFIC GRAVITY SEPARATORS
Principles of operation
Importance of proper installation
Use in upgrading seed lots

11:30 - 12:00

ELECTROSTATIC SEPARATORS

12:00 -

1:30

Lunch at University Grill or Cafeteria

1:30 -

3:00

SEED TREATMENT AND SEED TREATERS
Value of seed treatment
Types of fungicides and insecticides
Living with tolerances
Calibration of treating equipment

3:00 -

3:30

Coffee

3:30 -

5:00

I

I

cokes

I

and doughnuts

cokes , and doughnuts
Choice of

SEED PROCESSING DEMONSTRATIONS
By equipment representatives
By Seed Lab personnel
Bring your own seed if you wish
TETRAZOLIUM TESTS
Study your own speciality
COLD TESTS
A measure of vigor
7:00 - 'till

Old Fashion Southern Style Mississippi Barbecue - Dancing Later.
Courtesy Sawan Incorporated Columbus Mississippi.
1

1

I
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THURSDAY I APRIL 28
8:30 -

9:00

ROLL MILLS
Operation and Adjustment
Role in finishing seed

9:00 -

9:30

MAGNETIC CLEANERS
Special uses
Factors affecting cleaning results

9:30 - 10:00

CONVEYORS
Types - uses and limitations
Effect of speed

10:00 - 10:30

Coffee

10:30 - 12:00

SEED PlANT DESIGN
What seeds to be cleaned?
Types of buildings - single vs. multi-floor
Constructing for ease of clean-up
Bulk storage - volume location

I

cokes

1

and doughnuts

I

12:00 - 1:30
1:30 - 5:00

Lunch at University Grill or Cafeteria
SEED PROCESSING DEMONSTRATIONS
All equipment will be in operation all afternoon
INDIVIDUAL .PRACTICE IN EQUIPMENT OPERATION
Anyone wishing to learn the basic operation or the fine points of running any equipment will have the opportunity.
ATTENTION TO SPECIFIC CLEANING PROBLEMS
Bring your own problem lots for this period. Let the "experts., help
you.

3:00 - 3:30

Coffee

1:30 - 5:00

SEED TESTING DEMONSTRATIONS AND PRACTICE
This is your session l
Do you have any special testing problems?
Do you need more practice with tetrazolium on some particular kind
of seed?

1

cokes

1

and doughnuts

I

7:00 - 8:30

HYBRID GRAIN SORGHUM BULL-SESSION
See page 5 for program
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FRIDAY I APRIL 29
8:30 - 10:00

SEED AND GRAIN DRYING
Types of driers
Installation of drying units
Obtaining maximum efficiency
Maintenance of safe temperatures

10:00 - 10:30

Coffee

10:30 - 12:00

SEED AND GRAIN STORAGE
Influence of temperature and humidity
Moisture-proof packaging
Pest control in storage area
Chemical residue tolerances

12:00 -

Lunch at University Grill or Cafeteria

1:30

1

cokes

1

and doughnuts

SPECIAL INTEREST NIGHT SESSIONS
Tuesday
7:00 - 8:30p.m.
HYBRID SEED CORN
Field shelling - practical? safe?
Sizing - accuracy required
Storage of carry-over seed
Thursday
7:00 - 8:30p.m.
HYBRID GRAIN SORGHUM
What can be done about off-type plants?
Seed quality as affected by preharvest conditions
Storage of carry-over seed
Seed production in the South?
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PREPARING SEED FOR CLEANING
James Hendersonl/
Many older seedsrnen will remember that the purity of seed corning from the
old time threshing operations was such that it was almost good enough to bag and
tag without further cleaning.
On the other hand , seeds harvested with modern combines may contain as
much as 60 to 70% foreign material --consisting of trash, weed seeds , sterns ,
leaves and freshly killed insects.

Much of this rna terial may be green , making the

seeds difficult to handle and dangerous to store until this foreign matter has been
removed.

Therefore, in many seed cleaning plants today the first machine used is

a scalper.

The scalper removes the bulk of the foreign material so that the seeds

can be mechanically handled and safely stored until the cleaning operation can be
finished.

Scalper machines may consist of simple reels to remove the long straws ,

or they may incorporate a flat screen to separate the long straws and the green
material.

They may also be a combination of top screens or bottom screens neces-

sary to handle the kind of seed corning in.

These machines are built with a fan if

it is desirable to have an air separation while the seed is being scalped.

The

scalper with air takes off large foreign material with the top screen and sifts out
sand and small weed seeds with the bottom screen .
After most of the foreign material is removed further special processing of
the commodity may be required to prepare it for final cleaning .

Clipped bluegrass

seed may have to go through a beater machine to break the seed free from the plant
even before scalping.

Other seeds may go to a debearder , which in effect finishes

the threshing of the seeds by removing awns, points of attachment, beards and

1/Mr. Henderson is Sales Manager, A. To Ferrell & Company, Saginaw , Michigan;
Manufacturers of Clipper grain, seed and bean cleaners and Randolph grain
driers.
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excess chaff and delivers them as individual seeds to the finishing cleaner for accurate cleaning.
The debearder is made up of a horizontal steel drum in which stationary ·
arms are positioned along the inside to prevent the mass of seeds from swirling inside the machine and a central beater shaft with hardened arms extending out into
the body of the debearder which turns through the seeds to finish the threshing.
One function of the debearder is to break apart grass seed doubles.

Another is to

remove the awn and outer glume from watergrass seed harvested with sudangrass
seed and in the process to break apart clusters of sudangrass seed. When the
glumes and awns have been removed by the debearder, the size of the watergrass
seed is greatly reduced so that a very easy and quick separation can be made with
a screen.
Other uses for the debearder are the shelling of unthreshed wheat kernels
commonly called whitecaps , the debearding of barley and the removal of barley
points of attachment , removing the whiskers from carrot seed and the partial decortication of sugar beet seed.

The most common use is for clipping seed oats .

When seed oats are clipped by the debearder, those oats that are still wrapped in
the outer glumes are detached from the glumes, double oats are separated, awns
(if the oats carry awns) are removed , fuzzy tips of chaff on the oats will be clipped,

the oats will be polished and their test weight greatly

~ncreased .

Oats thus pro-

cessed can be easily elevated and accurately fed through a cleaner hopper .

The

cleaner in turn can then make a very accurate separation since there will be no
doubles or unthreshed glumes riding over the top screen into the screenings .

The

finished product will not be exceptionally clean but the appearance of the oats will
be greatly enhanced.

While clipping the oats greatly improves the test weight,

the removal of the chaff, awns, and other material hardly affects the actual weight
of the product.

This trashy material is so light that the loss of weight can hardly

9

be measured.
Some seeds must be hulled with special hulling machinery before they are
ready for cleaning; therefore

in many seed plants seed hullers are used before the

1

finishing cleaners.
Many kinds of legume seed carry a percentage of hard seeds making it desirable to scarify (slightly scratch the surface of the seed so that it will absorb
water and germinate the first year that it is planted) the seeds either before or
after the final cleaning.

Some varieties of seeds will be scarified long after they

have been thoroughly cleaned

1

since the scarification may reduce the length of

time that the seeds will maintain viability in storage.

Scarification in those varie-

ties may be performed shortly before the actual planting time.
legume seeds may require both hulling and scarification.

Other kinds of

The hulling of many kinds

of grass seeds in the hulling and/or scarification of legume seeds is generally accomplished with a huller and scarifier machine which in some manner causes the
seeds to be abraded by a rough surface to effect the hulling and scarification .

The

machine our company makes performs its hulling and scarifying by impelling the
seeds at controlled velocity against carborundum surfaces within the unit which
abrade the coat of seed and either remove the outer coat or scratch the inner coat
as is required.
in hulling only .

This same machine is available with rubber huller surfaces for use
It is especially useful in the case of thin skinned legume seeds

which have an inner coat that is too thin to resist the abrasion of the carborundum
yet which seeds men desire to hull before planting or finish cleaning.
After the seeds have been properly scalped to remove the excess foreign
material harvested with the seed and after they have been clipped
hulled and if necessary scarified

I

1

debearded ,

they are ready for additional processing by

means of the cleaning machines normally used by a seed cleaning plant.

10
Editor's Note: The air-screen cleaner is basic equipment in nearly every type of
seed cleaning installation. Shown below are two of the several makes and many
models of this type cleaner. Important information concerning the use and operation is given in the following three pages.

Clipper, Model Super X-29D

Crippen, Model H-454
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SELECTION OF SCREENS FOR CLEANING SEED
James Henderson]/
There are now over 200 sizes and shapes of screens in either perforated
steel or wire cloth.

Some 50 or 60 new screens have been added in recent years

to permit seedsmen to make special separations with a screen and air seed
cleaner that could not otherwise be made .

One example is the size 3 x 16

Special -- a new screen woven of tempered steel wire and planned for use as a top
screen for market cleaning flax.

This same size has developed into a very popu-

lar screen used as a top separation of small ragweed from small Ko rean lespedeza
seed .

The size 3 x 17 Special/ also made of tempered steel wire and especially

designed as the top screen for cleaning seed flax/ has proved to be excellent as a
top screen for red clover and sweet clover.

It separates dock

1

ragweed and other

plump seeds as efficiently as the 3/64 x 5/16 perforated metal screen that has
long been used for this purpose.

The new wire screen gives greater capacity .

Triangular perforated screens make special separations of weed seeds from
grains and grass seeds.

Oblong cross slotted screens permit good separations of

split beans from flat beans.

Many special sizes of bot tom screens for grains

have been added to the previous list to permit special separations and perfect
cleaning of new varieties of seed grains.

The size 6 x 60 wire has a specific

usage as a screen to separate yarrow seed from red top seed.

These examples will

emphasize that it is important to understand the various screens available today in
order to get the most from a screen machine .
Large Round-Hole Perforations : The number of a large round- hole perf orated screen gives the diameter of the perforation as measured in 64ths of 1 11 •

For

]/Mr. Henderson is Sales Manager A. T . Ferrell & Company Saginaw Michigan;
Manufacturers of Clipper grain seed and bean cleaners and Randolph grain
driers .
1

1

1

1
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example

I

a 64 is 64/64ths of an inch in diameter or 1 11 •

This system is used for

numbering screens where the diameter is 5 1/2/64ths and larger.
Small Round-Hole Perforations: Round hole perforations smaller than the
size 5 1/2 carry numbers showing the diameter of the perforation as expressed in
fractions of 1 11 •

Fractions of an inch relative to small screens .are used to permit

furnishing perforations that are much closer together as compared to the numbering
system used on the larger perforations.
Large Slotted Screens: The size of the perforation of a large slotted
screen consists of two numbers -- the first indicating the width of the slot as expressed in 64ths of one inch and the second number expressing the length of the
1

slot in fractions of one inch.

Generally speaking 1 the direction of the slot. will be

in the direction of the flow of seeds on the screen.
sizes

I

however

I

In many large slotted screen.

the screen can be had as cross slots with the direction of the slot

across the direction of the flow of seed.

These are particularly useful as bottom

screens for separating split beans from varieties having a relatively flat shape.
Small Slotted Screens: The first number given shows the width of the slot
in fractions of one inch.

The second number shows the length of the slot in frac-

tions of one inch. An exception to this system is the size 3/64 x 5/16.

This -size

is almost exactly the same in width as a 1/21 slot which being one of the very
1

earliest slotted screens used in seed cleaners

1

is familiar to many seedsmen who

have used the older numbering system for years. Among the group of small slotted
screens there is a 1/22 x 1/2 diagonal which has its slots turned at a 45 degree
angle from the usual direction of seed flow.

T{lis screen is useful in some instan-

ces when it will allow relatively short seeds to go through or causing relatively
longer seeds to float over the screen.
Triangular Perforations: The size given for triangular screens represents
the length of each side of the triangle as measured in 64ths of an inch.

The 11

13
Triangle

1

therefore, measures ll/64ths of an inch for each side.

A. T. Ferrell and

Company uses this method whereas another common system expresses the size of a
triangle perforation by giving the diameter of the largest circle that can be inscribed .
Wire Mesh Screens: The size of both square wire mesh and rectangular wire
mesh screens indicates the number of openings per inch in each direction of the
screen.

There are two sizes that are sometimes considered oblong for their open-

ings are not perfectly square
detect the difference.

1

yet which are so near to square that the eye cannot

These are sizes 18 x 20 and 20 x 22 . When the letters "SP"

are added to the wire mesh screen numbers it indicates that a special tempered
wire is used.

The 4 x 24 Sp. is an old screen designed many years ago to be used

as a bottom screen for separating buckhorn seeds from clover.

It had 24 openings

per inch across the screen but the screen was woven from thinner wire than usual
so that the openings were larger than the openings of the regular 4 x 24 screen .
This screen is becoming less popular

1

because while it was satisfactory years ago

for use in cleaners that did not have brushes to sweep beneath the screens and
keep the perforations open

I

the wires are so thin that the action of the brushes

tends to distort them. A 6 x 21 screen is recommended today to do the same job.
It is much sturdier and has the same width of opening.

Indented Perforations: Round and oblong screens with the perforation indented below the top surface of the screen are available for corn sizing machines.
The purpose of these indented screens is to encourage the kernels to turn on end
and fall into the opening rather than to lie flat and slide over.

These screens are

recommended only in corn sizers which have rubber rolls beneath the screens to
keep the perforations clean.
It is of prime importance to select screens which will accommodate the

shape of the seed being cleaned.
shaped.

Crop seeds are generally round

1

long or lens-

14
Round-Shaped Seeds: Generally a round-hole top screen is used to clean
round shaped seeds.

The round-hole top screen will not accept straw

and other large and long material

1

I

trash

I

pods

while the slotted bottom screen will drop broken

seeds and weed seeds thinner than the round crop seeds.
Long Seeds: The screens generally selected for cleaning long seed are an
oblong top screen and an oblong bottom screen.

The oblong top screen will separ-

ate any weed seeds or large foreign material that are rounder or thicker than the
crop seed.

The oblong bottom screen drops thin weed seed

1

broken crop seed or

hulled crop seed and any other material thinner than the long crop seed.
Lens -Shaped Seed:

An oblong or rectangular top screen and a round-hole

bottom screen are genera1lyselected for cleaning lens -shaped seeds . . The oblong
or rectangular top screen will permit the lens-shaped seed to turn on edge and go
through while rounder or· plumper seed and foreign material will go over the screen.
The round-hole bottom screen will hold up the lens-shaped crop seeds while permitting any round weed seeds so small that they pass through the top screen to be
sifted through the openings and be separated.

If the cleaner is a two-screen type

the above principle achieves the best cleaning possible.
Most seed cleaning plants today use cleaners having more than two screens
to permit special separations with other shapes of openings in the same cleaning
operation.

As an exampie

1

oats containing freshly killed insects with bodies about

the same thickness as the oat kernel

I

yet which are considerably longer

cleaned very effectively 'with a round-hole top screen.

1

can be

The oats in this case drop

quickly through the round-hole screen and the very light insects will lie flat on the
screen and be scalped over.
In using cleaners having more than two screens it is generally recommended
that the top screen in the cleaner be a round-hole screen as this opening will
screen over straw and lo.ng weed seeds better than any other shape.

It is recom-

mended that the first screen for use on the lens-shaped Korean lespedeza be a No.

15
6 Round which will take off the straw

I

sterns

I

leaf material and cheat seeds before

the main separation is made with the rectangular wire mesh top screen.
Korean lespedeza seeds are lens -shaped
mesh top screen

1

1

Because

when they are placed on a square wire

the seeds fit diagonally across the square and drop through a

smaller mesh than other seeds that have a more round shape.

The seeds of rough

button weed (also known as pojo) are not distinctly lens -shaped

1

so the 12 x 12

wire mesh makes a good separation of this weed seed from Korean lespedeza -at the same time the seed are so near the same size and shape as the lespedeza
that neither round or slotted screen will give a clear-cut separation.
The seeds of Kobe lespedeza are also relatively lens-shaped but unfortunately are slightly wider across the seed than Korean seeds so they will not go
through the square wire mesh opening that drops the Korean.
larger mesh must be used to drop Kobe lespedeza seed.

Consequently

1

a

Unfortunately in this

case the larger mesh also passes the rough button weed seeds so that a worthwhile
separation will not be made.
percentage

1

If this common weed is present in a relatively small

as the seeds come from normal cleaning with a round-hole and slot-

ted top screen the percentage in Kobe will be reduced so that the seeds are
salable.

On the other hand

I

if this percentage of weeds is very high no screen or

combination of screens will remove enough of the pojo from unhulled Kobe lespedeza
seed to make those seeds pure.

The answer is to hull the Kobe and change its

relative size making it comparatively easy to remove the rough button weed seeds .
It is advantageous to have a mental picture of the crop seed size and shape and a

mental picture of the relative size and shape of the weed seed to be separated before choosing the screens that will be used.

A good set of hand testing screens

are instrumental in determining the size and shape of the screens needed.
The current screen size chart listing the various sizes of the various
shapes available emphasizes that several different lengths of slots of screens are
available or offered.

A 1/18 x 1/4 is a good top screen for Korean lespedeza o The

16
short 1/ 4" long slot drops the small Korean seed and at the same time causes
longer weed seeds such as cheat to lie flat and be floated over.

The use of this

screen, however, reduces the normal capacity that is expected from the cleaner by
about three-quarters.

The reason is that the width of the Kobe lespedeza seed ly-

ing flat on the screen is almost as great as the length of the slot so that each seed
has to fit very exactly into the perforation in order to get through.

The 1/ 18 x

1/ 2" and 1/ 18 x 3/ 4" slots which have a longer opening yet retain the width, will
drop Kobe lespedeza much faster while making the same good separation of plump
or round-shaped weed seed.
In selecting a bottom screen for wheat, the purpose is to drop split kernels
of wheat as well as long·, grassy weed seeds such as cheat and wild oats.

The

wheat kernels are relatively round and the length of slot whether it be short or long
is immaterial relative to ·holding up the commodity.

This length of slot

I

can very drastically affect the long weed seed which must drop through.

however

I

The best

job, then , is done with a slot long enough to quickly and easily accept these long
weed seeds permitting them to be quickly screened from the wheat as soon as possible.
When selecting a bottom screen for oats the fact must be considered that a
long slot will give the oats an extra opportunity to pass through

1

therefore

1

while a

better separation might be possible with a 3/ 4" long slot it might be far more economical to use a 1/ 2" long slot instead.
The constant brushing of the screen cleaning brushes under wire screens
causes them to wear out faster than the perforated metal type.

Many seedsmen

have asked if perforated metal slotted screens were available in the same sizes as
wire mesh screens for cleaning small legume seeds .

There are two major reasons

why a substitute of this kind would not be practical.

One is that the irregularities

of the surface of a wire mesh screen permits it to do a better job of sifting than is
possible with a flat perforated metal screen.

The other basic reason has to do with

17
the percentage of open area.

Obviously it is possible to weave a wire mesh screen

with a much higher percentage of open space than would be possible with a perforated metal screen having the same size opening.
tens of thousands more openings

1

therefore

I

A wire mesh screen has literally

we find tens of thousands more oppor-

tunities for small material to be sifted through

I

with the end result that a wire mesh

bottom screen will give much greater capacity and a better separation than could
be had with an equal size of perforated metal.
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ADJUSTMENTS FOR EFFICIENT AND PRECISION SEED CLEANING

James Henderson..!/
One of the recent developments that has contributed to more efficient and
exact seed cleaning is the metering hopper for screen and air cleaners.

The fluted

roll with extended flights feeds a metered quantity of seed into the air leg and onto the screen. While the gate is adjustable for large changes of rate of feed

1

the

basic adjustment is made by increasing or decreasing the speed at which the fluted roll turns and thereby increasing or decreasing the number of measured quantities fed into the air stream .
Spiked fingers on a shaft turning in the mass of seed in the hopper eliminate bridging of trashy seed across the hopper and tend to force the seed down to
the fluted roll so that the flutes can pull the seed through into the air leg.

A variable drive mechanism is required for accurate control of feed with this
hopper.

If you have occasion to clean very trashy seeds with your seed cleaner

which is equipped with another type of hopper

1

1

you can change the speed of your

hopper roll by simply switching the two outside gears on your hopper drive.
normal arrangement has a 15-tooth gear driving a 60-tooth gear.

The

These are rever-

sible so that you can have the 60-tooth gear driving the 15-tooth gear.

This will

cause a regular roll-feed hopper or a roll-feed brush hopper to feed very trashy
seeds regularly and evenly to the screens .
trashy

I

However

I

if the seed are not extremely

you may find that the extra high speed you obtain by this reversing of

gears will make it impossible for you to control the quantity fed onto the screen.
For that reason

I

we offer an intermediate set of gears having 30 and 36 teeth

1

res-

pectively which you can substitute for the 15 and 60 tooth gears to give you two
I

1./Mr. Henderson is Sales Manager A. T. Ferrell & Company Saginaw Michigan;
Manufacturers of Clipper grain 1 seed and bean cleaners and Randolph grain
driers.
1

I

I

,. .

20

intermediate speeds and accomplish results similar to those obtained with the
metering hopper.
Possibly you have observed the action of seed on a hand screen when you
tap or jar the hand screen with your fingers.

It causes seeds to be turned and

tumbled so that they present themselves to the openings of the screen and go
through faster.

You can have a similar action on top screens of your cleaner by

simply installing knockers that are adjustable to lightly tap the screens or to
strike the knocker pads on the screens a sharp blow for heavy vibration.

This ser-

ves a dual purpose of enabling you to vibrate the screens so that seeds will pass
through very close and small openings and to jar loose any long weed seeds that
become up-ended and wedged so tightly into perforations that brushes cannot remove them.
When you attempt to make a very close and accurate separation with a perforated metal bottom screen and at the same time attempt to put a heavy layer of
seed over that screen 1 there is always the danger that some of the seed you must
separate will be carried over the top of the screen without contacting the perforations and will not be separated.

Screen darns can be fastened across the top of the

screen to interrupt the smooth flow of the seed down the screen and cause them to
be turned

1

tumbled and heavily sifted.

These screen darns

I

if properly placed

I

will

permit you to put a heavier layer of seed on that bottom screen with assurance that
the separation will be correctly made.
Round seed

1

such as soybeans

1

have a tendency to bounce and roll over the

top of a screen so that some of the beans never contact a perforation but pass over
the top of the screen with the screenings. A scalper apron made of canvas can be
draped over the upper half of the screen to cause these beans to stop their bouncing
settle and contact the perforations that go through.

I

The apron should not be so

long and heavy that pods and trash will be held up in its movement down the screen
but can serve as a baffle to make the bouncing seed settle to the screen and be

I
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passed through.
At other times you will be faced with the problem of long stems or weed
seeds turning on end to go through a top screen when they could be separated if
they would lie flat and slide over.
over the top screen

1

If you drape oil cloth with the slick side down

these long pieces of stem or weed seeds cannot turn up on end

to go through the round hole top screen but will slide down the screen underneath
the smooth oil cloth and be screened over (Figure 1).

C.Z.) Fasten

_

fo bar

oilcloth

- - ---------~ r =.:--rr
- - - - - - ~ ~r - - jl
,,,.,,
section of rovnd-hole.
screen need not
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You can assure a better separation of these long stems and weed seeds by
blanking off the lower section of a top screen. After your good seed have gone
through the screen

1

there is no reason to leave the rest of the perforations down

the length of that screen open for trash and weed seeds to find their way through.
A temporary blank-off section can be accomplished by putting masking tape and
brown paper over the lower section.

Permanent blanking off can be accomplished

by simply making the screen with a blank metal lower section.
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One of the most useful controls on a precision seed cleaner is the variable
screen shake adjustment mechanism.

This permits the operator to adjust the

speed at which the screens are shaken from a very slow speed to a very fast speed.
The variable shoe shake mechanism should be operated to accomplish a desired
action of the seeds on the screen, not to attempt to get more capacity by shaking
the screens faster.

For example , if you are putting fescue seed through a small

round hole screen , it will be necessary for you to shake the screens rapidly in order to cause the fescue seed to turn on end and go through the round screen.

If

you shake the screen slowly , they will lie flat and float over the top of that
screen.

Also, if you're putting bluegrass seed or canary grass seed through a

small square wire mesh screen, it is necessary for you to shake the screen rapidly
or the seeds will not travel down the wire mesh screen but will pile up on top of
the screen and lie dead and will eventually be flooded over with the dirt and weed
seed.

On the other hand, if you are attempting to make a very accurate and close

separation of a small round seed through a small round screen, either top or bot-

tom, you must shake the screen slowly to allow the seed to come in exact contact
with the opening and pass through .

Soybeans on a top screen without the apron

will bounce if you shake the screen rapidly, therefore, a slow speed is required.
Examples of cleaning operations requiring slow speed are a separation of dodder
from Korean lespedeza with a l / 16 round hole bottom screen and cleaning of timothy
using l / 23 or l/25 round hole top screen.
Each screen in a precision seed cleaner must be adjustable for different degrees of pitch .

Common ranges of pitch adjustment in seed cleaners range from

four to twelve degrees .

High capacity grain receiving separators may have greater

screen pitch in order to move the grain over the screens rapidly but in a precision
seed cleaner, these pitches are sufficient to give adequate cleaning capacity while
remaining able to make the exact separations required in seed cleaning.
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Screen pitch has a much greater effect on the speed at which seed moves
through the machine than does shaker shaft speed.

The latter can be increased

with little effect on capacity, but seed will pass over a screen in the steep position almost twice as fast as over the screen in the flat position at the same shaker
shaft speed. The speed at which the seeds pass over the screen has to be considered from the angles of the desired capacity and the desired separation.

If the

separation is a difficult one, and capacity is secondary, you will naturally want
to leave the seed on the screen as long as possible in orde'r to give every possible
opportunity to make the separation.

If capacity is the important thing and the

separation is secondary, then a steep pitch is in order to accomplish a greater
capacity.

If the separation is quickly made and you wish to move the material

separated over the top of the screen quickly, you will want to use steep pitch.
Since it is possible that you Will have a different requirement of

sp~ed

of

travel over and through every screen in your cleaner, it is mandatory that every
screen be adjustable for pitch and independent of any other screen, and of course,
the best time to make a screen pitch adjustment is while the cleaner is operating
so that you can observe the results that the changes of the pitch adjustment cause.
For the convenience of those seed processors who do not have multiscreen cleaners but who on occasion need to make more than one type of separation as the seed are passing over the bottom screen, we offer what we call
combination screens.

These will have two or more different perforations or meshes

on one screen frame; for example, if you are attempting to separate hulled oats and
wild buckwheat from oats and have only one bottom screen, you may be able to
make this separation by using a combination screen that has one section ·of slotted screen material to drop the hulled oats and another section of triangular perforations to drop the wild buckwheat.

There is one very popular combination screen ·

used as a bottom screen for fescue which has four different sections covered by
different meshes or perforations and designed to accomplish a specific combination
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of separations that a processor requires.
When a manufacturer knows that the seed cleaner he is shipping will be
used for cleaning one kind of seed it is easy enough to prescribe a fan speed that
will give optimum results and maximum adjustability when cleaning only that kind
of seed; however

I

seed cleaners are generally intended for cleaning several dif-

ferent kinds of seed and it is not unusual to see a cleaner being used in season for
cleaning the seed of soybeans and the seed of red top.

If the machine is shipped

with the proper drive for "the fans to supply enough air for cleaning soybeans

1

then

the air adjustment when it is used for cleaning red top will be in the lowest portion
of the adjustment and will be rather sensitive .
with the fans adjusted for red top

I

On the other hand

1

if it is shipped

there will not be enough air to make a good

separation when heavy seeds such as soybeans are being cleaned.

Since precision

seed cleaners are equipped with a variable shoe shake mechanism and since the
fan speed may be varied over a wide range and the variable shoe shake mechanism
permits all other drives to be driven at normal speed

1

it is possible to furnish a

dual drive for a cleaner that will be used for cleaning both heavy and light seed.
This dual drive permits the operator to change the fari speed from a high speed supplying plenty of air for heavy seeds to a low speed offering wide range of adjustment for small and light seeds.
speeds quickly and easily

1

To make it possible to accomplish this change of

the motor pulley furnished can have double the usual

number of grooves and the driven pulleys on the fan shaft be side by side of two
different sizes. With different belts

I

it is possible just to change belts in order to

change the fan speeds and this quick changeover assures that the cleaner will offer
the best possible air separation for all weights of seeds.
Some of the things that can be built into a seed plant to give efficiency of
operation are not necessarily a part of a cleaner but are part of the design of the
equipment used in that plant.

For example:
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l.

Every bin used should be

self-cl~aning

with no ledges or flat slopes

that will hold up seed, necessitating clean up by hand when changing over
from one kind of seed to another.
2.

Every elevator should be provided with clean-out slides at the bottom

to permit quick and perfect removal of small, residual ·quanti ties of seed
left in the bottom of the elevator when changing to another kind of seed.
3.

Elevator buckets should be held away from the elevator belt by spacers

between the bucket and belt to permit the easy and quick blowing out of
seeds lodged between the bucket and belt.

It is impossible to prevent

seeds from getting behind the bucket no matter how tightly you may bolt the
bucket to the belt, so the best solution to this problem is to give them room
to be removed by a blast of compressed air.
4.

Every spout leading from an elevator into a bin should be at a pitch

that will insure that it is self cleaning.

Every feed from an elevator to a

bin or cleaner should be equipped with an overflow device which could be
a pressure sensitive device or an overflow spout.

The installation of an

alarm system or an overflow spout in a spout between an elevator in a bin
or cleaner will prevent backing up of seed into the elevator and stopping
and jamming the eleva tor full to stop its operation.
5. A seed cleaning plant that receives seed in bulk from trucks should be
equipped with a receiving pit having a vibro pit that is self cleaning so
there is no requirement for an operator to sweep out the truck dump between
lots.
6.

The pit which houses elevator boots must be large that an operator can

get into it and have free access to the clean out slide and room for vacuum
equipment for cleaning up between lots.
7.

A vibrating conveyor mounted beneath the cleaner to convey the cleaned

seed from one side to the other cleans itself perfectly between lots so that
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there is no residue for the operator to sweep out and offers the advantage
of an installation above floor level with plenty of room beneath the cleaner
so that spilled seeds may be quickly and easily cleaned from the floor.
8.

Pneumatic unloading installation eliminate the clean-up problem and add

great efficiency to plants which must maintain identity without mixtures of
lots of seeds coming in one after another.
Following some of these suggestions will assist you to increase the efficiency of your seed cleaning plant and properly adjust your machin-es for precision
cleaning.
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CORRECT AIR DUCTING FROM A CLEANER
James Henderson]/
Improper air trunking installations from the cleaner and into the dust house
or collector causes up to 90% of the difficulties our salesmen have had in conjunction with improper air movements.

Sharp turns, improper junctions, poor connec-

tions and poor collection equipment will all contribute to ai,r deficiency in a cleaner.
Improper air clearance also results in a very dirty, dusty plant operation.

The fol-

lowing are a few of the common errors found in various plants and how each can be
a voided or corrected:
A single fan cleaner having only the variable speed bottom blast fan must
have a booster fan between it and a cyclone dust collector if a cyclone is to be
used.

These single fan cleaners are generally installed with the fan discharge

near an outside wall so the fan can discharge out into the open air.

In some cases,

it is necessary to blow the dust so that it is run into a large expansion chamber
that will permit dust and light chaff to settle while permitting the air to' continue
on through and be discharged relatively clean.
The dustless cleaners with top suction fans .and the bottom blast fan develops sufficient velocity that cyclone type collectors or dust houses can be used
to settle the dust and chaff from those air streams without a booster.

Usually the

dustless model cleaners have two top suction fans discharging side by side.

Some

larger models have as many as three fans, in which case the third fan must be
handled separately.

Separate collectors, one for each fan, are the ideal set up.

However, unless too much air volume is to be handled, it is cheaper to bring them
together by means of a junction with a divider valve installed into a single air pipe

]/Mr. Henderson is Sales Manager, A. T. Ferrell & Company, Saginaw, Michigan;
Manufacturers of Clipper grain, seed and bean cleaners and Randolph grain
driers.

28
and use a single air collector or single dust house.

When such a junction is

made, the approach angle should be held to a minimum and, I repeat, the junction
divider is very important (Figure 1).

If the pipes are brought together too abruptly

or. if the divider is not installed, back pressures are created which impede the
proper flow of air.

In fact, as the two air streams converge one opposes the other

and it is found that when air adjustment is made on one fan it will affect the
separation that is being made with the other fan.

r
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B

Junction of air pipes from one cleaner
into a common duct .
A

"7" Width Cleaner
"9" and "3" Width Cleaner

18"
24"

B
36"

48"

This shows the HORIZONTAL. MINIMUM
(across the floor) LENGTH ONLY and
doesn't cover actual length ot ducting
if e x tra elevation "up and away" is
necessary.

Figure l

Refrain from installing elbows which have a sharp change of direction.
Back pressures are created at such points and in most cases light chaff will be
dropped into the pipe and finally plug the entire run.

A rule of thumb used at our

plant is that the inside radius of the elbow should be at least two times the diameter of

th~

pipe.
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The final source of trouble is in the cyclone or dust house itself.

If it is

either too large or too small or isn't designed properly or has a cap over the pipe
discharging from the top of it or in some other way causes back pressure or pressure drop or turbulence that interferes with the cycloning action of the air inside of
the collector

I

the installation will cause real trouble.

Many seeds men build their own dust houses.
signed and is large enough

1

If a house is properly de-

it will serve the purpose very well.

Space does not

permit detailed explanations of the following eight basic rules governing good dust
house construction:
1.

The dust house should be deep.

2.

The entry duct should be horizontal.

3.

The entry duct should be below the pitch of the roof.

4.

The entry duct should enter along one side.

5.

The exhaust opening should be greater than the entry area.

6.

The exhaust pipe should extend below the entry duct.

7.

The exhaust pipe cover should not restrict the opening of the exhaust
pipe.

8.

The clean-out opening should be as large as possible.

A common mistake is the use of a single dust house to handle the air from
two separate cleaners.
ted exactly the same
satisfactory

I

it is possible that a single dust house or cyclone would be

1

however

If the individual air streams from each cleaner were adjus-

I

so many times the plant will be cleaning large seed on one

cleaner and small seed on the other and the air streams from the fans will seldom
be identical.

If one cleaner is operating and the other is idle

1

be a blow back into the air ducting of the inoperative machine.

there will probably
This will either

plug that cleaner's piping with dust or cause the dust to be blown back into the
work room.

It is impossible to adjust one cleaner in this situation without affect-

ing the standing adjustment of the other cleaner.
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CYLINDER INDENT MACHINE
Wayne Sorensen.!/

1.

Opera tiona 1 Principle.
The cylinder indent machine is designed to separate basically by length,

as is the disc-type indent machine.

As we progress further we will see that there

are other physical characteristics that enter into the separation also.
The indent cylinder machine utilizes the forces of gravity and centrifugal
force in its operation.

The particles to be removed from the mass are loaded into

the indents by a combination of gravity and centrifugal force . After locating themselves in the indent, they are retained by centrifugal force to a point of the rotation where the resultant force of centrifugal and gravitational forces falls within
the circle of the cylinder.

This theory will be more fully explained later.

At this point of discharge, they are dropped and fall into a receiving
trough where they are conveyed to a discharge spout. . The smaller particles are
placed in the trough and the longer particles are discharged as

11

thrus , 11 or in other

words, they pass out the far end of the cylinder from the feed without being lifted
by the indents.

For a particle to be lifted , its center of gravity must fall within

the indent itself, otherwise, it will tumble out.

For some seeds the center of gra-

vity is at, or near, its geometric center -on others it is displaced greatly from
this geometric point. (Figure l) .
Therefore, it may depend which way a seed orients itself in the indent
whether or not it is lifted, and seeds must have the opportunity to enter the indent
properly before being discharged as a

11

thru 11 as shown in Figure . 2.

1/Mr. Sorensen is Product Planning Engineer, Superior Separator Company,
Hopkins, Minnesota, manufacturers of graders, aspirators, cylinder separators,
and miscellaneous other seed processing equipment.
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ll.

Machine Sections.
No matter what cylinder machine we choose, there are about five main sec-

tions or functional areas of the machine.

Each performs a definite part of the

separational process.
1.

Cylinder.
The cylinder is, of course, the main element in that it is the actual

"divider 11 of the machine and all other parts simply aid the cylinder in accomplishing its purpose. As stated earlier, the cylinders • function is to
lift the smaller particles out of the grain mass the correct distance to most
accurately and easily make the desired separation.

This cylinder is simply

a thinwall tube with indents formed from the inside to a shape approximating
a hemisphere.

The indents may vary in shape from one cylinder to another

and these variations will be covered later.
It has been stated that the first cylinder was fashioned out of a hollow

log by drilling from the inside a series of shallow holes.

We feel that we

have progressed a little way from this first attempt, but the, principle remains the same.
2.

Receiving Trough.
In different machines the configuration of the receiving trough varies

somewhat, but the purpose remains the same - to accumulate the lifter particles and convey them to a discharge spout.
order to make the

11

This trough is adjustable in

Cut" at the exact point of particle size variation desired .

This "cut" is usually made within an area of about 60° ahead of top dead
center of the cylinder.

By the proper adjustment of this trough, very good

flexibility of operation is possible.
3.

Leveler or Conveyor.
It is necessary in a cylinder to have some method of conveying grain

through the machine , and to discharge the particles too large for the indent.
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There are actually several methods of accomplishing this, each with
their advantages and disadvantages. When grain or seed is placed in the
rotating cylinder, it rotates in a mass and therefore it is feasible that the
small particles at the center of this rotating mass could pass through the
machine without ever being exposed to the indented surface.

The leveling

mechanism should break up this rotation as well as slowly conveying the
material through the cylinder.

Probably the first effort was the use of a

screw conveyor in the cylinder to break up the rotation of the core and
also convey the material.

Another more recent method has been the use

of the grain line blades which both break up the rna s s and also convey .
Some operators are now tilting their machines a variable amount from the
feed end toward the discharge end.

This method is very good for even

feeding and also for cleaning out the machine betWeen batches of grain or
seed, but the core of steadily rotating material (similar to a whirlwind) is
still there .

For most accurate separation, this rotating mass must be con-

stantly agitated as material progresses through the cylinder.
4.

Retarder.
The retarder is most easily described as a

of the machine.

11

dam 11 at the discharge end

It is adjustable, due to necessity.

In order to be most

accurate, the grain bank in a cylinder should be relatively uniform, and if
so, action will be quite uniform. Without the retarder, the grain mass
would be less at the discharge end of the machine due to depletion of the
smaller particles and surging may result.

By that I mean that the material

will not roll as it should, but the entire mass will move with the cylinder
to a point where friction no longer will support it and then it all slides
back in a single mass.

By retarding the discharge of the machine, the

grain depth can be built up to the desired level and maintained at that
point , where best operation occurs.

The adjustment of the retarder will
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depend on the type of seed being processed

1

etc.

If grain level is allowed

to drop near the discharge end of the machine inaccurate separation will result. As grain passes through the cylinder we can readily see the following
procedure taking place.
end of the machine
single indent.

I

The smallest particles are lifted out near the feed

sometimes with more than one particle located in a

As material progresses through the cylinder

particles are lifted into the receiving trough.
takes place nearest the discharge end
ted.

1

1

slightly longer

The toughest division always

after the small particles are deple-

If the cylinder is allowed to .. starve" at that end

I

larger particles will

be lifted than if grain bank is maintained at a constant level.

The indent

size cannot accurately perform a length separation unless sufficient depth
of material bed is present.

This same retarder must also be

des~gned

so

that it can be removed or displaced so that the cylinder can be quickly
and completely cleaned out : If retarder is removed and cylinder rotated

1

grain will be emptied from the machine quite thoroughly and rapidly.
5.

Feeder.
An accurate feeder is a very important requirement on a cylinder

machine; the metering must be consistent if separation accomplished is to
be consistent.

If feed varies

1

all particles will not have the same length

of time to be separated as did other particles.

One other consideration be-

sides accuracy is that the metering device does not damage the seeds.
Seed processors are becoming more and more concerned about mechanical
damage to seeds
lll.

Indent Sizes

1

1

as they rightfully should be.

etc.

Indent sizes are listed in 64ths of an inch
screen machines.

1

similar to screens used in

There are no other figures or letters used to describe the indents

other than this diametrical nomenclature.

There is no way to determine the shape

35
or depth of the indent from the number.
The two basic types of indents are made with either conical punches or hemispherical punches.

The hemispherical punch makes an indent with straight side

walls and a circular bottom or root.

The conical punch makes a tapered indent with

a larger diameter at the top than at the bottom.

On some seeds one will hold de-

finite advantages and on other seeds the other holds an advantage.

As I stated

earlier, the center of gravity of a seed must fall within the indent if it is to be
lifted.

In a seed that is basically round, the depth of an indent is not so critical

as with seeds having a large length to diameter ratio.

However, with some seeds,

trouble may be encountered with wedging if a hemispherical indent is used with a
radius less than the depth of the indent. Wedging will lower the number of effective indents and capacity will be lowered. When a conical indent is employed,
this trouble is eliminated to a large extent.

Spherical indents do hold some advan-

tages, however, over the conical indents on certain separations and are widely used
in shallower depths where wedging is not a problem.

Rounded shoulders tend to

alleviate the wedging possibility (Figure 3).
We also know that the ratio of depth to diameter.

Sharpness of indent

shoulders, the angle of the sides , etc. will effect the operation of an indent cylinder.

It would be impossible for us to produce, or for you to justify purchase of

all the different possible variations of cylinder indents that might be designed for
specific seeds.

Instead we must standardize our designs to those that will do the

most good on the most products.
IV.

Speed.
It may be interesting to you to know just how we determine the speed of a

cylinder machine.

The speed of the machine can be determined by a formula and

then altered slightly to overcome variable conditions encountered.
let's establish the conditions for our calculations.

First of all,

The most important deviation

from actual conditions is that friction, both air and mechanical, are considered
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Center of Gravity

Geometric Center
Line
Figure 1

Lifted seeds
Re jected seeds

Figure 2

Conical

Sufficient clearance
to rotate about this
point.
Figure 3

Spherical

Seed tends to rotate
around this point, but
sufficient clearance is
lacking and seed may
wedge.
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non-existent.

Also, calculation for speed assumes that particles are emptied at

top dead center, where centrifugal force is totally in a vertical direction, directly
opposing gravitational force.
F is equal to KWRN 2
G is equal to weight
At the point of equilibrium gravitational force equals centrifugal force,
(y{ == G == F) and therefore:

w

== 2. 84

X

10-s WRN 2

N==v-1~
2.84 x 1o-SR

N

=

v-·___3_5_'_2_0_0_ _ _ =Speed of equilibrium with perfect frictionless
R

conditions.

F == Centrifugal force
G == Gravitational force
K = Constant == 2. 84 x 10- 5
W== Weight
R == Radius of cylinder in inches
N = RPM of cylinder where lifted particles cease to empty
On a 23" cylinder (R == 11. 5) for instance, a theoretical equilibrium speed
of 55. 5-RPM is determined.

At exactly this speed, materials would cease to empty

under frictionless conditions , and would carry around the cylinder.

Theoretically,

if we reduced our speed by 1/10 of one RPM 1 the indents would empty.

From this

formula it is evident that speed is lower for larger cylinder sizes and it also appears that the same speed should be correct for all seeds .

Here is where we must

alter our speed as mentioned earlier.
Several physical properties will change our frictionless conditions by intraducing friction of varying magnitude.
size of seed, and moisture content.

They are shape of seed 1 s eedcoa t texture,

The specific gravity of the seed also has an
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effect on separation as air resistance will effect lighter seeds more.
These frictional forces tend to cause the particles to follow the circumferential travel further than calculated, so our speed must be reduced slightly to allow
the seeds lifted to discharge without be.ing carried over the top.

In actual opera-

tion, cylinder speeds of from 42 to 53 RPM are used, depending on the accuracy
of separation desired and characteristics of the material being processed.
Due to this requirement, machines are built with variable speed drives to
get the exact speed needed.

This speed must be determined by visual inspection

of the separating job; adjusting speed and/or trough setting until desired division
is accomplished.
On a theoretical, frictionless basis, indents will empty at any speed less
than 55.5 RPM on a 23" cylinder. Another way to show it pictorially is that they
will empty when the resultant force line falls within the cylinder circle, rather than
outside.

In Figure 5, the condition circled will result in indents emptying, due to

resultant Force FR failing inside the circle.
components F
surface).

+

This force is further broken down into

(tangent to cylinder surface) and Fp (Perpendicular to cylinder

In actual practice, indents empty when Fp becomes great enough to over-

come frictional force acting on the particles.

Figure 5 is based on a speed less

than 55. 5-RPM.
In Figures 4 and 5 Fc

=

Centrifugal force

Fg

=

Gravitational force

FR

=

Resultant force

F f-= Force tangential to cylinder surface
F P = Force perpendicular to cylinder surface
V.

Accuracy and Capacity.
Two things that all of you seed processors here are vitally interested in are

accuracy of separation first of all, and secondly, the capacity at which this accuracy
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can be obtained. We and other manufacturers are continually striving for machines
that will raise the capacity of your separating without unduly raising the cost or
lowering the accuracy of the machine.
Accuracy is a function of two basic considerations - manufacturing toleranee of the indent, and constant radius of the cylinder.

If indents are not uniform

throughout the cylinder, accuracy is impossible, as the largest indents will be the
controlling factor.

Most manufacturers today have been maintaining quite close

tolerances, but it cannot be exact, due to the forming characteristics of the metal.
In talking about effect of radius variation in the cylinder, let •s refer back
to our speed formula for a second .

You can see that centrifugal force is directly

proportional to the radius, and centrifugal force is our controlling force.

A cylin-

"
der of varying radius at different points, the radius and centrifugal force will vary
at different points on the cylinder and a sharp and accurate cut is impossible.
Many times it is necessary to make very fine separations and the ability to finely
adjust the machine to accomplish this is essential.

If the radius of the cylinder

is not constant at all points, this accurate separation will be disturbed.

Centri-

fugal force is directly proportional to the radius, and if radius varies 10%, so will
this centrifugal force.

Therefore, the lifted particles will not be dropped at the

same angular point of the travel of the cylinder, and the desired sharpness of cut
if rendered impossible.
ranee of the radius.

Accuracy of separation is therefore related to the tole-

One minor effect on accuracy of adjustment may be dependent

upon cylinder diameter.

If we assume that the desirable and undesirable seeds

are separated by an angle of 10°, the larger the diameter of cylinder, the greater
length of cylinder surface falls within this 10° arc.

Trough setting will not be

quite as critical, even though separation will be no more accurate than a smaller
cylinder if both are adjusted accurately.
Capacity is dependent on three basic factors, the number of pockets or
indents per unit of cylinder surface area, the number of units of cylinder surface
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area that can be run under the grain bank in a given time

1

and the percentage of the

seed mass that must be lifted into the receiving trough.
Of course 1 the number of indents per unit of surface area is determined by
the indent size pretty largely

I

as the indents can be formed only so close together.

The spacing of the indents is largely dependent on the type of material used to
fabricate the cylinder and the method of fabrication .
able the metal
another.

1

The more ductile or stretch-

the more closely the indents can be spaced in relation to one

The depth and shape of the indents are vitally important here.

Also the

percentage of the seed mass to be lifted is out of the manufacturer's hands so
little can be done on capacity unless cylinder length is increased or more cylinders
are used , as speed cannot be increased to get more area travel under the grain.
VI .

Maintenance .
Indent cylinder machines are relatively service-free

but one thing should

1

be made clear in order to eliminate some potential dissatisfaction on a new
machine . A new machine will not operate properly until the indented surface has
an opportunity to become polished.
linders with a thinner or steam.

Sometimes it is necessary to clean new cy-

Until polishing is accomplished 1 grain or seed

mass will surge (wash back and forth in cylinder) , or will carry over the top of the
cylinder at normal speeds

1

due to increased friction.

Cylinders which have not

been used recently may become rusty and act the same way .

Polishing can be done

by running waste grain or fine chick grit in the machine until they become shiny.
Cylinder should be run backward with trough turned to emptying position . When
handling oily material

1

indents may tend to "fill" with dust imbedded in oil and

effective depth of the indents is lowered.

Periodical "scouring" may be needed in

this case .
VII.

New Developments .
In one experimental machine at Oregon State College

I

the receiving trough

has been eliminated and lifted seeds are picked up by vacuum and collected in a
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dust collector .

This machine was making a very complete separation between pig7""

weed and alfalfa - a separation which is not easy as you all know.

No commercial

machine is equipped with this mechanism at the present time, as certain difficult
application problems still exist.
If seeds have a difference in length, they can be separated by an indent cylinder.

In round seeds, the length of the seed is the diameter, so we might say

that separation is by size.
ple than long slender seeds.
cylinder more readily.

Separation on round or nearly round seeds is more simThis is because they will orient themselves in the

As mentioned earlier, the cylinder machine is based on

length, but other factors do enter in in varying magnitude.
It may be wise at this point to go rapidly through the adjustment and start-

ing procedure for a cylinder machine .
First of all, a visual inspection should be made of the cylinder to check
for rust, dirt build -up and lodged seeds, which will affect the operation of the
machine.
Next, adjust cylinder speed to 51-RPM (23" Dia. Cylinder) and set thereceiving trough in a level position . After these adjustments are made, the machine
is ready to operate and further adjustments must be made according to visual inspection of the operation.
Following this, notice where the seed is being discharged from the cylinder.
Droppage should occur between top dead center and a point roughly 45-60° prior to
that point.

If seeds are carried beyond that area, lower the speed and if delivered

below that area, increase the speed.

After speed is adjusted, trough must be ad-

justed according to the "cut" in particle sizes that the opera tor desires .
The retarder and feed rate will be determined by the amount of material to
be lifted and accuracy required.

The feed is adjusted so as to allow the material

to remain in the cylinder long enough to separate the desired particles, and the re tarder is set at a point necessary to keep the grain bank constant throughout the

43

machine.

The greater the variation of particle sizes to be separated, the faster the

feed can be. When these adjustments are made, you must answer for yourself this
question,

11

How much good seed can I afford to lose or how much undesirable

material can I tolerate in my finished product? 11 These questions will have a bearing on the final adjustment of the machine.
Often more than one cylinder will be required to make the separations you
need.

Usually more than two separations are needed.
These separations may be partially accomplished by another machine,

such as a screen machine, etc.

Usually cylinder sizes can be quite closely de-

termined from charts, etc. but no chart is as good as an actual test.

Your manu-

facturer can give recommendations for most separations.
To sum up the function of an indent

cyli~der

in a few words, we can say

that if particles have a difference in length, they can be separated (up to a reasonable point in length).
is not applicable.
not a

11

If no difference in length is present, the cylinder machine

It is a basic machine in a seed cleaning process train, but is

cure-all," the same as other machines are limited in their function.
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THE DISC SEPARATOR

M. C. Cecka.l/
The disc separator is a length sizing separator which lifts uniformly shaped
and dimensioned under-size particles out of a mass.

Disc separation is not af-

fected by surface texture, weight per cubic foot or bushel, nor moisture content of
seed to any appreciable extent.
Flexibility within a machine can be achieved by varying the size of pocket,
the number of discs of each pocket size, and provision within the machine for returning to the main mass liftings of the various pockets which it may not be desir'
able to remove. In a normal arrangement the disc pockets are furnished in a
progressively larger size from the intake end to the discharge end.

In this way,

the smallest particles are lifted out of the mass first, with progressively larger
liftings being removed as the material passes through the machine.
The disc pocket consists of an undercut recess in the side face of a spe-

cia!, hardened, cast-iron disc (Figure 1).
on both sides of a disc.
"Eye".

Thousands of these pockets are cast

In the center of the disc is a round opening called an

In the center of the eye are three spokes protruding from a hub which

fastens to the "Rotor Shaft" which carries the discs.
sheet metal conveyor blade may be bolted.

Midway on each spoke a

These conveyor blades act as a screw

conveyor to move the main mass of material through the eye of the discs from the
inlet to the tail end of the machine.
The mass must pass through the eye of each disc in order to reach the tail
end of the machine, and is brought in contact with the face of each disc in the
course of its travel.

The spacing between the outer edge of the disc and the body

of the machine is kept as close as possible , without being close enough to
J/Mr. Cecka is associated with Simon-Carter, Minneapolis, Minnesota; engineers
and manufacturers of machinery for separating, sizing and cleaning grains, seeds,
and other free-flowing granular material.
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squeeze or crush the material being separated.

The conveyor blades are made re-

movable so that they can be removed or added (in older model machines) in whatever quantity is needed to make the material travel through the machine at the
most efficient rate for complete separation.

Since in any separator the capacity

and efficiency is determined by the ratio of small particles to be taken out; to the
number of apertures

1

indents or pockets to take them out with; the speed of travel

of the main mass through the machine affects the efficiency of the separation.

LIFTS THE
SHORTER
REJECTS THE
LONGER

\~
'-·

0 ISC
SEPARATOR

Figure 1.

SECTION

Face and cross-section of Cart e r d1sc.

As mentioned before

1

disc pockets are a cast recess in the face of a flat

disc which operates vertically.

The disc pocket functions like a n eleva tor bucket

I

scooping up seed which will fit into it as the pocket passes through the mass at
the bottom of the machine

1

holding the rna terial in the poc ket by centrifugal force.

The materials discharge from the pocket in just the same fashion as an elevator
bucket discharges its load.
able in a disc separator.

This accounts for the minimum speed tolerances allow-

Too slow a speed would allow the material to fall out of
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the pocket before it should; and too fast a speed could prevent the material from
falling out of the pocket at all.
Disc Pocket Design
Disc pockets are made in three basic shapes.
ber of sizes.
ing

1

Each shape is made in a num-

There are over 7 5 different pockets to choose from.

Generally speak-

the pockets are consistent in their proportionate dimensions.

is always referred to

1

designated and measured by its width

from the center of the disc .

1

The pocket size

measured radially

The length or height of the pocket is essentially the

same dimension as the width; and the depth is approximately 1/2 the dimension of
the width.

The lifting edge, or undercut part, of the pocket

1

is the "bottom" and

the width measurement is from side to side.
The "V" Pocket: The V pocket derives its name from Vetch , and is so designed as to pick up , and hold for discharge round shaped materials .
has a round "lifting edge" and a squared horizontal "leading edge".

This pocket
Tubular, cy-

lindrical or elongated particles have no flat surface at the bottom of the pocket to
11

sit" on, and tip out of the pocket as the disc revolves around the shaft.

(In

speaking of sizes in this instance we are referring to round shaped particles which
have a diameter approximately the same as the width dimension of the pocket.

Ob-

viously , tiny _particles much smaller than the width of the pocket could be retained
in the pocket in multiples and would lift out of the mass regardless of their shape .
In all cases in this discussion, we are referring to separations where the smallest
materials have been removed and close sizing between relatively uniformly dimensioned particles is to be accomplished . )
The "R" Pocket:

This pocket shape derives its name from Rice

designed to remove eros s broken grains from whole grains .
a "V" pocket, except that it is up-side-down .
zontal , while the leading edge is round.

1

and was

This pocket looks like

The lifting edge is flat and hori-

This pocket will reject round particles ,
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but will lift out cross broken or short tubular

1

or elongated particles since they

have a flat surface to "sit" on.
Both the "V" and "R" pockets are made only in small sizes
ceeding 6 millimeters in width and length.

1

seldom ex-

They are made from 2 1/2 mm. up to 6.

These pockets are usually used in combination in a set of discs

1

particularly where

a variety of sizes of liftings are to be encountered and versatility is desired .
The letters V and Rare always followed by a number
R5/ etc.

1

such as

I

V4

I

V5 1/2

I

The number following one of these letters indicates the width dimension

in millimeters

I

i.e.

I

a pocket designated as V4 1/2 is a round lifting edged poc-

ket which is 4 1/2 mm. wide

1

etc.

Alphabetically Designated Pockets

1

Other Than V or R:

Unfortunately these

pockets with alphabetical designations are riot consistent in sequence as to size
nor do they carry a numeral to indicate their width.

I

The story of the development

of the size designations is a rather lengthy one and will not be discussed at this
point.

It is sufficient to say that the alphabetically designated pocket/ without a

numeral suffix/ is square-faced.
Those square-faced pockets which are approximately less than 1/4 inch in
width have

I

in most cases

1

been supplanted by the V and R pockets

1

although they

are still available 1 and in some specific instances can probably be used to definite
advantage over the V and R type pockets.
Generally

1

the square pockets have two basic functions.

One is to rapidly

scalp out a small fraction of extremely long undesirables from a more uniformly
sized bulk to make the material smoother flowing and reduce unnecessary bulk.
The other is to provide a dividing or "splitter" separation where each fraction thus
1

produced is to be resized in separate operations

1

or on different types of machines.

Dividing a material which has a . broad range of particle sizes and resizing the fractions separately provides much faster overall capacity and more precise separations.
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Disc Separator Adjustments and Separation Control
The disc pocket can make extremely sensitive length sizing selection.
most applications the material consists of varying degrees of length or shape

I

In
and

it may be desirable to separate the stock into more than one length size or to re-

move one or more differently shaped particle groups from the main mass.
tioned previously

1

As men-

it is possible to arrange a group of discs on a single shaft

using one to as many as six different pocket sizes and types to provide selective
fractioning of the input material.·
As the disc pocket lifts and ejects a particle of a particular shape or size
the particle falls on a "liftings discharge trough" set between each disc

1

which

directs the material to a "liftings discharge hopper 11 at the front of the machine.
At the outside end of the liftings troughs is a small screw conveyor which is
covered by hinged trap doors.

If the doors are "down" the lifted material passes

over the door into the liftings discharge hopper.

If

1

for any reason

1

the operator

does not want the liftings of a particular disc or group of discs to fall into the
discharge hopper

1

he can raise the trap door which will deflect the liftings into

the screw conveyor and be returned to the feed end of the machine where it feeds
back into the main mass .

This "return conveyor" adjustment is most frequently

used at the tail end of the machine where particles may be lifted which the
operator would prefer to discharge from the machine with the longer size disc rejects .

It literally permits the operator to shorten his machine by blocking off the

last few discs

1

if he finds he is lifting out too much.

The lower edge of the liftings discharge hopper outlet at the front of the
machine can be provided with one or two draw-off valves
of the machine and one at the tail end.

1

one near the feed end

Since the smallest particles lift out of the

mass on the first few discs it may be desirable to draw off the smallest·•liftings
separately from the longer liftings discharged at the center of the disc shaft.
liftings of the last few discs may be too short to join with the tailings and too

The
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long to mix with the center disc liftings or may be in large enough quantity to overload the small return conveyor, so the operator can use the draw off wing valve at
the tailings end of the liftings hopper.

Using both adjustable valves permits the

operator to keep separate three sizes of material falling into the liftings discharge
hopper producing three lengths of liftings in addition to the oversize material tailing off the end of the machine which was too long for the disc pockets to lift.
Grain Level Control
In the latest design Carter Disc Separators a new feature has been added
to provide more positive control , and quick selective adjustment to the rate of
travel of material through the eye of the discs without removing or adding conveying blades.

Known as the "Grain Level Control" it consists of crescent shaped

blades , somewhat similar in appearance to the broad end of a canoe paddle.

In

the No. 1522 size machine the blades hang from a rod at the back of the disc machine just under the lid. A blade is placed between each disc of the last twothirds of the disc assembly.
setscrew at its upper or
independently.

11

Each blade has a steel collar with a square headed

hinge" end, and each retarder blade can be adjusted

By loosening the set screw the blade may be moved forward so as

to block off part of the eye of the disc where the grain mass is heaviest.

By shut-

ting off a portion of the disc-eye opening the blade retards the rate of travel of the
material, causing it to fill the body of the machine more deeply at that point.
This makes the material ride higher at the back of the machine, reducing the distance which the disc pocket has to carry the undersize material from the mass to
the liftings discharge point.

The higher the grain level is at the back of the ma-

chine the larger particles the disc pocket can lift.

If the grain level is low, the

particle has more time to fall out of the pocket before it reaches the ejection or discharge point.

By this control the pocket can lift slightly larger or smaller particles

and is more flexible in its selectivity.
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In most cases {particularly in small pocket layouts) as many as six different
sizes and shapes of pockets can be used on a single disc shaft.

The smallest poc-

kets are mounted on the feed end of the disc shaft / with progressively larger
pockets toward the tail end o Since the pocket shapes , in addition to their dimension / can be selected to meet varying separations conditions , the operator frequently finds that one particular group of discs can remove a specific sized or
shaped particle more effectively than another .

By using the grain level control

blades he can hold the material longer at that group of discs

1

increasing the lift-

ing capacity at that point only without changing the grain level at any point in the
1

machine .

Changing the grain level does not materially change the input capacity

but only increases or decreases the liftings percentage of the retarded flow area .
Usually if the separation to be made is an easy one

I

or if the pockets tend to lift

the desired size readily , the retarders would be moved out of the disc eye area so
as to keep the grain level low . As the disc pockets wear down losing some of their
lifting ability

1

raising the grain level in the machine permits them to work at peak

efficiency for a longer time before disc replacement is made necessary .
At the tailings discharge outlet , in the end frame of the machine , an adjustable gate or retarder is provided to control the rate of discharge and the grain
level for the last few discs .
Using these adjustments in combination provides the disc separator with
broad flexibility of selectivity and can produce more than one length size at a time o
Disc Separation Limitations
The disc separators have broad applications in most types and textures of
products , efficiently handling such separations as crumbled leaf pieces from leaf
stems in dry spices

1

to length sizing of shelled peanuts (without damage or nut

breakage) , and are not affected by weight or surface moisture o Most dry materials
which are normally not free flowing can be remarkably easily conveyed through the
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machine.

However

and lost efficiency .

1

some rna terials may wedge in the pockets cau sing plugging
For example

I

compressed powdered pellets , corn and soy-

beans cannot be separated or handled by disc separation . In this case

1

we recom-

mend consideration of indented cylinder length separators as an alternate .

Labora-

tory tests can best determine which principle of length separation should be used .
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THEORY AND OPERATION OF THE SPECIFIC GRAVITY
SEPARATOR
Guy C. Satterlee.!/
All seed processors would like to have one compact machine that would do
all of the cleaning and separating jobs in a seed house.

As yet, no one has found

the answers to build such a machine, so screens, air cleaners, and a lot of
special purpose machines are used .
Specific Gravity Separator.

One of these so called special machines is a

The gravity machine has in the past had a reputation

of being a difficult machine to operate and to keep in adjustment.

In reality, it is a

very simple machine to operate if the principle behind its operation is understood .
The two main parts of the gravity separation process are air and table motion.

If

we understand how these two things work together then we have the basis for good
operation.
The basic principle of operation of the gravity separator is that it takes advantage of the difference in size , shape and specific gravity of particles.
The actual separation takes place in two steps .

The first is in the vertical

direction by stratification of the seeds and the second is in the horizontal direction
by the table motion and gravity .

Both of these actions take place at the same time

all across the deck of the separator to give a continuous grading of material till it
leaves the table.

The first step, the vertical separation of the material, is the key

that allows the separation to be made . If the material is not first stratified the
second step cannot take place.
The stratification of material is accomplished by air being blown thru the
porous deck and in effect floating the light material away from the heavies .

]/Mr. Satterlee is Project Engineer, Sutton, Steele & Steele, Inc. , Dallas , Texas;
engineers and manufacturers of specific gravity separators, aspirators , air-float
stoners, dry concentrating tables and electrostatic separators .

54
(See Figure l) . A good example of this would be like taking a hand full of ground
cork and rock and putting them in a glass of water.
the water and the rocks would sink to the bottom.

The cork would float on top of
This is exactly what happens on

the deck of a gravity separator. With the deck load stratified the second step is
ready to take place .
The second step , the separation in the horizontal direction, is accomplished
by gravity and by the deck motion.

The deck of the machine is slanted in two di-

rections; from the feed zone up to the heavy end discharge and from the feed zone
down to the discharge edge.

This slanting of the deck allows the light material

floating in air to flow down hill by gravity , while the table motion conveys the
heavy materials , in contact with the deck, uphill.
It can be readily seen that the stratification of the material by fluidization

with air is the key to an effective separation . Also, that to get the most efficient
separation the material must be stratified as soon as it is fed on the deck.

The

reason for this is to utilize the maximum amount of the deck surface to make the
separation after the material has been stratified (Figure 2).
All points on the separator deck do not need the same amount of air, as the
depth of bed and weight of material varies across the deck .

The greatest amount

of air is needed in the feed zone because the deck load is the deepest there.

The

least amount of air is needed at the light end discharge because only the lightest
material is in this zone and the material bed is not too deep . Another point that
requires a lot of air 1 but not as much as the feed zone , is along the heavy end discharge .

Generally , the air distribution across the deck of the separator should be

the highest in the feed zone , slightly less along the heavy banking rail and tapering off from these . two zones, to practically no air flow at all at the light end discharge (See Figure 3) .
There are four simple adjustments on the gravity separator that control the
factors affecting the separation; amount of air

1

table speed , end raise and side
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raise .

No one of these adjustments can be called more important than the other

because they all effect the separation.
One thing that may confuse an operator is that the effect of the various adjustments is quite similar.

To illustrate this, listed below is the different adjust-

ments that can be used to accomplish the same thing:
Move deck load to heavy end.
1.

Increase Speed

2.

Decrease Air

3.

Decrease End Raise

4.

Decrease Side Raise

Move deck load to light end.
1.

Decrease Speed

2.

Increase Air

3.

Increase End Raise

4.

Increase Side Raise

The air adjustment, amount of air, is the key to an effective separation.

If

there is too much air it will cause bubbling of the deck load, which causes mixing
and upsets the stratification. Also, too much air will blow the heavy seeds out of
contact with the deck and cause them to report toward the light end of the deck.
Too little air will cause only the lightest seeds to be fluidized and most of the seed
will be conveyed up the deck to the heavy end.
The speed adjustment controls the rate at which seeds are conveyed up the
deck toward the heavy banking rail, in a direction parallel to the discharge edge .
Too much speed will cause the deck load to shift toward the heavy end discharge
and too slow a speed will cause a shift to the light end discharge.
By adjusting the deck end slope the rate at which the light material, which
is suspended in air, flows down hill is controlled.

This adjustment also effects
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the rate at which the heavy material is conveyed uphill.

It is good practice to have

this slope as steep as possible and still maintain an even flow of seed over the discharge edge.
The side slope adjustment controls the rate at which seeds travel across
the deck from the feed zone to the discharge edge.

By raising the side the dis-

charge of seed from the deck is shifted toward the light end and by lowering it the
discharge is shifted toward the heavy end.
In normal operation the end raise and side raise are set and the speed and
air controls are used to adjust the separation.

If it is found that the air and speed

does not give the desired results then the end or side raise is changed. When adjusting a separator the following items should be kept in mind.
1.

The deck load must be fluidized to make a separation.

The feed zone

should have some turbulenceorboiling, but no where else.
2.

In nearly all separations the end raise exceeds the side raise .

3. When making adjustments make them one at a time and wait 5 minutes
before making another.

This allows the deck load to react to the change

and stabilize.
4.

Feed the machine to its capacity.

The reason behind this is that with

light deck loads the distribution of air is upset.
5.

The separator should have a constant feed.

A varying feed rate will

make it necessary to continually adjust the controls to maintain the
separation.
In an installation of a separator there are two items that should be given
consideration.

The first is a firm foundation .

In the great majority of complaints

about a separator not operating properly or making a poor separation, the cause of
the trouble has been found to be poor foundations.

The manufacturer of the sepa-

rator designs and builds it as rigid as possible, but if the foundation on which the
machine sits is weak and not rigid all of this work is for nothing.

A weak
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foundation will cause the whole machine to vibrate and this vibration is greatly
magnified by the time it gets to the deck.

Any false vibration that reaches the

deck tends to cause mixing of the deck load which upsets the stratification of the
material.

The best foundation is one at ground level made of concrete.

If the

machine is mounted on a wood floor it should be mounted as close to a supporting
wall as possible, with some under floor reinforcing to eliminate all motion of the
base of the machine.
The second item to consider is the air supply.

The air supplied to the ma-

chine should be as clean as possible as any dirt in the air will tend to stick to the
underside of the deck cover and cause blinding.

The filters supplied with the ma-

chines should always be used and if the machine is in a dusty location the air inlet
and filter should be in another room.

The air filters should be cleaned once a day

and more often if the location is dusty .
In summary, the key to the separation made on a Specific Gravity Separator
is the stratification of the deck load .

This stratification should take place as soon

as the material is feed onto the deck and maintained as long as it is on the deck.
To maintain this stratification the deck should be fed at a constant rate and as
closely as possible to the capacity of the machine, at any given setting.

If the

separator does not have a firm foundation and clean air the stratification will be
upset and a poor, if any , separation will be made .
The Specific Gravity Separator is no better than its operator.

If the opera-

tor does not know how and why it operates he cannot get the most efficient separation .

The principle of operation is simple and the time taken to understand it pays

off in cleaner seed processed at a higher rate.
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THE ROLL MILL
Charles E. VaughanY
No manufacturer has yet claimed to have developed an all-purpose machine
that will remove all objectionable weed seeds and foreign material from all lots of
legume seeds.

The application of the principles of seed cleaning in which corn-

ponents of a mixture differing in dimensional characteristics may be separated by
screens

I

indented cylinders or discs and those differing in weight and specific

gravity by aspirators or gravity tables, are well known through the trade.
The roll mill is useful in separating mixtures where crop seed and contarninants differ in the texture of the seed coat.

In some instances seeds of dif-

ferent shapes can also be separated on this machine.
The roll mill is always used after the basic cleaning machines in the processing line.

It is often used to finish lots that contain dodder, dock, flat or im-

mature seed and inert matter that passed the previous machines.
The rough seed are separated from the smooth seed by the action of the
rolls . A pair of rolls covered with a velvet-like material are placed side by side
close enough to touch lightly.

The rolls are mounted in an inclined position and

turn in opposite directions , outwardly when viewed from the top (Figure 1) .
The seed mixture is fed onto the rolls at the high end of the machine . As
the seed travel downhill between the revolving, inclined rolls , the rough seed are
caught by the velvet-like rolls and thrown against the baffles , deflected back
against the rolls

I

etc. until they have been thrown out.

The smooth seed continue

bouncing downhill between the rolls and discharge off the end .

The seeds thrown

over the sides are caught in graduated grade hoppers underneath the machine.

The

]/Mr. Vaughan is Assistant Agronomist, Seed Technology Laboratory, Mississippi
Agricultural Experiment Station , State College , Mississippi.
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grades of seed from these hoppers vary from a high percentage of rough seed from
one nearest the feed end of the machine, to a very low percentage of rough seed
from one nearest the discharge end.

The intermediate grades can be re-run tore-

cover the smooth seed that were thrown out with the rough seed.

ROLLS COVERED WITH
FLANNEL OR VELVET LIKE
MATERIAL

GRADES
1- ALL SMOOTH SEED
2- SMOO.TH, SMALL
PERCENT ROUGH
3- ROUGH, SMALL
PERCENT SMOOTH
4-ROUGH

Figure l.

Diagrammatic section of roll mill showing method of operation.

The feed hopper of many machines consists of a vertical shaft from which
individual feed spouts lead directly to each pair of rolls.
equipped with a fast, complete clean-out pull slide.

This vertical shaft is

The rate of feed is adjusted

by opening or closing the feed slide in the vertical shaft underneath the feed
hopper.

This increases or decreases the size of the opening in the shaft through

which the seeds flow into the individual feed spouts.
The rate ·of feed is adjusted and controlled for two reasons.

First, the

effectiveness of the separation may be controlled somewhat by the rate of feed.
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If the space between the rolls and the baffles becomes crowded the agitation necessary to make an effective separation is reduced or prevented.

Second, the capacity

may be increased by opening the feed slides.
The rolls are the separating parts of the machine.

They are covered with a

velvet-like material and placed side by side close enough to touch lightly.

The

rolls are always used in pairs and each pair of rolls is a separate cleaning unit .
•
The length of rolls may vary with different machines, as a certain length
is not absolutely necessary for maximum cleaning.

The number of rolls may also

vary from machine to machine. An increase in the number of rolls does not increase
efficiency but merely increases capacity.
The speed of the rolls iS the most important adjustment on this machine.
In general, the faster the rolls revolve, the cleaner the seed.

However. too fast a

speed is not recommended, because it results in unnecessary throw-over of good
seed.

The recommended way of making the adjustment is to start with a minimum

speed and the desired rate of feed, then increase the speed of the rolls until the
product is clean.
The tilt mechanism is located at the bottom of the feed end of the machine

0

On some machines it is a large hand wheel screw; whereas on other machines it is
a combination lever-screw device.

This variable tilt mechanism permits quick,

easy adjustment of the machines pitch for various types of seeds
incline range from 7° to 13° may be obtained.

o

A continuous

This adjustment is used less by

most operators once a desirable tilt has been established.

Increasing the tilt has

the effect of shortening the rolls and also reduces the amount of throw-over.
The baffles are shields that conform fairly close to the shape of the rolls
as viewed from the top and are positioned directly over each pair of rolls.

Rough-

coated seed lifted by the turning rolls are deflected by the baffles back on the
rolls with the result that these seed are removed rapidly Hom the smooth-coated

•

seed which are not lifted.

The baffles are independently adjustable at either end
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of the machine.

The range of separation possibly may be increased by changing

the distance between the rolls and the baffles.

For most cleaning problems , a

1/4 inch spacing seems to be best.
Below are listed a few rough-coated seeds and objects which are thrown
out by a roll mill.
· Dodder

Catchfly

Wild Winter Peas

Mustard

Cockle

Wild Carrot

Foxtail

Timothy

Pieces of Clay or Stones

These rough-coated seeds or objects may be removed from clovers, alfalfa,
hulled lespedeza, hairy vetch and other smooth coated seeds.

Because of its trian-

gular shape and sharp corners, dock is commonly and easily removed from the
clovers.
The removal of buckhorn can be accomplished with this machine if prior
treatment has been given the seed lot containing buckhorn.

This prior treatment

involves adding a foreign material such as wood dust to the buckhorn which creates
a rough surface.

Separation is then an easy matter.

The roll mill is a very economical machine because the cost of operation
and maintenance is extremely low.

The minimum attention needed to operate the

roll mill, once it is adjusted, is also a point to remember when considering this
machine.
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MAGNETIC SEED CLEANERS
Staff, Crops and Soilsl/
Magnetic seed cleaners are not strictly new , but only in recent years have
they received much attention.
Although by no means the answer to a seedsman's prayer, the machine does
offer an effective method of cleaning certain types of seed.

Like other types of

seed cleaners, it has both advantages and limitations.
The magnetic cleaning process has been useful in making some seed separations that are difficult or often impossible with other types of cleaning machines .
Increasing numbers of seeds men in clover and alfalfa -producing areas are finding
that magnetic cleaners do an excellent job of cleaning in their plants.
The principle of magnetic cleaning is simple.
the seed.

Powdered iron is mixed with

The powder adheres to cracked and rough-coated seed but doesn't

stick to the smooth seeds of clover and alfalfa . After the seed and powdered iron
have been thoroughly mixed, the seed is passed over a magnet which takes out
inert matter and weed seeds such as dodder- because of the iron coating .
The smooth-coated crop seeds contain no free iron , so they are not attracted to a magnet.

Thus

1

they pass the trap and ride

However, there is one precaution .

11

merrily on their way.

11

If the dosage material is not applied to

the seed uniformly and in the right amount , some of the undesirable seed will not
be coated with iron and, therefore , not be separated .
The mixing mechanism and the magnetic-separating device are two main
parts of the cleaner.

Two methods are used to mix water , or oil and water, and

the iron powder with the seed.
uous-flow system.

One is the batch mixer, and the other is a contin-

The latter has an unbroken stream of seed passing through a

l/Reprinted from Crops and Soils, August-September, Vol. 11 , No. 10; published
by American Society of Agronomy, Madison, Wisconsin.
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Gompper Laboratory Magnetic Cleaner used in the Seed Technology Laboratory for
research and for assisting seedsmen with separation problems.
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series of auger-type mixing chambers.

The right dosage is metered into the moving

stream of seed and mixed thoroughly as it flows toward the separating unit.
The separating device may be an electromagnetic drum or it may contain
permanent magnets.
electric poles.

The magnetism is normally put into the drum by stationary

Seeds which have the metallic powder on their coats are retained

on the drum's surface by magnetic force

1

while those with no iron powder attached

to them simply pass over the drum.
Seed clinging to the drum either fall off by gravity or are brushed off into
the spouts provided for the inert material

1

weed seeds and other waste.

To clean seed over a magnet is not a fast process.
der count and the size of machine
hour. With large lots of seed
no rerun of rejected material.

1

Depending on the dod-

200 to 1300 pounds of seed can be cleaned per

the loss is normally less than l percent.

I

There is

The magnetic process usually increases germination

by pulling out the broken seeds

1

since the metallic powder adheres to the rough

exposed part of the chipped or cracked seed.
The cost of magnetic separation is said to be nominal.
used at about 3/4 of a pound to l 00 pounds of seed

1

Powdered iron is

and the cost is less than 30

cents per pound for the material.
The high initial cost of the machine is the main reason why the method is
not used more widely.
lars.

In addition

1

Imported magnetic seed cleaners cost several thousand dol-

a number of unsatisfactory machines have also been built.

It is useless

1

seed experts say

1

that is used to separate nails from grain.

to use an ordinary drum magnet of the type
It simply won't work with small seed.

Such machines are always a poor investment for seed cleaning.
Magnetic cleaning works best with clover
small-seeded legumes.

However

1

I

alfalfa

1

lespedeza

1

and other

it can also be used successfully with any

smooth-coated crop seed infested with dodder 1 buckhorn 1 broken seed I and other
rough-coated materials.
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Getting the right dosage of iron powder and liquids properly mixed with the
seed is essential to getting a good separation of weed seeds.
varies with different seeds.
smaller dosages

1

Generally

1

This dosage often

crop seeds that have slicker coats take

have a lower cleaning loss

1

and give a more complete separation

job.
High cleaning losses are often due to the treatment the seed got during the
harvesting and subsequent handling
sticks

I

1

before it goes to the magnetic cleaner.

Dirt

1

straw 1 and similar trash make the cleaning job more difficult.
A seed lot with a high weed seed content will require more iron powder for

good cleaning than a lot with a lower concentration .

Studies at the Mississippi

Seed Technology Laboratory also reveal that scarified seed requires a higher dosage
and normally shows a higher cleaning loss than the same seeds not scarified.
No

1

it's not a brand new method.

But magnetic cleaning looks promising

for seedsmen faced with tough problems in seed separation.
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SEED CONVEYORS

H. Dean BunchY
A conveyor is a mechanism which moves material from one location to

another in a continuous manner.

This definition includes horizontal conveyors and

vertical conveyors (elevators) as well as conveyors operating on an inclined plane.
Such mechanisms useful in seed handling may be classified into the following
types:
1.

Screw conveyors

5.

Vibrating conveyors

2.

Chain conveyors

6.

Pneumatic conveyors

3.

Belt conveyors

7.

Lift trucks

4.

Bucket eleva tors

A short description of each type and its specific usefulness follows:
Screw conveyors
The screw conveyor is one of the oldest and simplest methods of moving
bulk rna terials.

It is a helix formed from a flat steel bar and mounted on a pipe or

shaft , with supporting brackets and bearings.

This screw may operate in a U-

shaped trough for horizontal conveying jobs, although cylindrical tubes are
casings when materials are moved vertically or on an inclined plane.

The screw

conveyor is simply constructed, inexpensive, and since it can be used in any
position it is easily adaptable to congested conditions.
Because of friction among seeds during conveying and the possibility of
seed cracking due to dented casings or improper clearance between screw and
casing, screw conveyors are not generally recommended for easily- damaged seeds .
Nevertheless, short sections are commonly and satisfactorily used for the cereal
seeds, grasses and small-seeded legumes.

1/Dr. Bunch is Associate Agronomist and Supervisor of the Seed Technology Laboratory, Mississippi Agricultural Experiment Station, State College, Mississippi.
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Chain conveyor
Chain conveyors are made in a variety of types for a variety of purposes.
They are slow moving conveyors, often characterized by high power requirements.
The drag or scraper conveyor is one of the common types in this classification .
Depending upon the use to be made of the elevator, drags of varying shapes are
mounted between two chains which are driven over end sprockets .

The most com-

mon conveyor of this type around a farm or seed plant is the outside portable elevator used for handling ear corn.

The conveyor may operate horizontally or on a

maximum inclined plane of about 45°.

Increased capacity of such a conveyor should

be accomplished by the use of larger flights rather than by increased speed.
Belt conveyors
A belt conveyor is an endless belt operating between two pulleys with some
type of idlers to support the belt and its load.
ally with anti -friction idlers.

It is mechanically efficient, especi-

Its power requirement is low , it is dependable and it

will handle practically any type of material. With proper size and idlers , ear corn,
threshed precleaned seed, cleaned seed and even bagged seed can all be handled
on the same unit.

It can be self-cleaning but as usually installed in seed plants ,

it is not. When operated at low speeds the conveyor can be used as a picking and
sorting belt.
high.

The initial cost of a heavy duty, high capacity installation is rather

On the other hand , many small units employed in seed plant installations

are relatively inexpensive.
The essential parts of a belt conveyor are the belt , the drive and the driven
pulleys, the tension adjustment, idlers, and loading and discharging devices .
The belt must be flexible enough to conform to the shape of the pulleys and
idlers, strong enough to carry the load, and wide enough to deliver the capacity
wanted.
The drive should be at the discharge end of the belt and may be a conventional
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type of belt drive.

The diameter of the drive pulley must be large enough to provide

adequate contact with the belt . An idler can be used to provide more wrap contact
with the drive pulley.

The take-up or tension adjustment may be by manual or

automatic screws on the foot pulley or on the idling pulley .
In simple installations , on short conveyors and with narrow belts , the loadcarrying portion of the belt may be a smooth wood or steel surface , while in installations involving heavy loads or long distances , anti-friction idlers support the
belt. When the belt itself is troughed by conforming to the shape of the load-carrying idlers

1

the width and cross section shape of the trough determine the load that

can be placed upon the belt .

Because of the cost of anti-friction idlers and the

narrowness of the belts , the majority of belt conveyors used for seed are supported
by the floor of a flat-bottomed trough with vertical or angled sides to increase capacity. While the belt is self cleaning , the trough often is no L
operate on an inclined plane of about 15° .

Belt elevators may

If the belt is equipped with flights the

angle may be increased.
Material may be discharged over the end of the belt or along the sides by
diagonal scrapers or by tilting the belt.

Th e most satisfactory way to empty a

troughed belt is through use of a tripping mechanism .

Such a mechanism consists

of two idler pulleys that cause the belt to take the shape of an S .
discharged over the top pu lley and to the side through a chute .

The material is

Trippers are usually

mounted on tracks so that they can be positioned any place a lo ng the length of the
belt.
An interesting variation of the belt conveyor is the zippered belt .
edges of the belt are equi pped with
zipper.

notc~es

The

much like those fo u nd on the common

After filling 1 the belt edges are attached together so that the belt with its

load is shaped like a hose . Although in use industrially , it is doubtful if any of
this type are employed in seed processing plants .
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Bucket eleva tors
Should a belt or a chain conveyor be up-ended to a vertical position and
buckets attached at regular intervals

1

the result would be a bucket elevator.

The

essential parts of a bucket elevator consists of a belt or chain(s) with buckets running over head and foot pulleys or sprockets with a method for feeding and discharging the load.
or wood casing.
casings.

The assembly is usually

but not always

enclosed by a steel

1

The up- and down-legs may be enclosed in the same or separate

This kind of elevator is widely used industrially

in seed processing.
lasting.

1

Belt type bucket elevators are quiet

1

1

in grain handling and

efficient and long-

The chief disadvantages of some designs are that speed may damage seed

and the enclosed units are difficult to clean out.
the down- or up-leg in some types

1

Feeding may be accomplished on

on the up-leg only on other types.

of the belt is usually accomplished either by screw or gravity
or head pulleys

I

I

Tightening

on either the foot

but usually on the foot pulley in elevators designed to handle

grain and seed .
Based upon the method of discharge

I

bucket elevators may be classified in

four types:
l.

Centrifugal Discharge
This is the type most commonly used in the handling of freeflowing materials including seed.

Since discharge from the buckets

are dependent both upon centrifugal force and gravity
the bucket

1

I

the shape of

the speed and radius of the head pulley and the position

and angle of the chute must be in proper relationship for efficient
operation. Elevators operated slower or faster than the speed for
which they were designed causes back-legging and excessive speeds
results in increased damage to the seed during pick-up and discharge.
If the foot pulley is smaller than the head pulley it is desir-

able to fill on the up-leg side of the elevator above the center line of
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the foot pulley, because centrifugal force is zero on the portions
of the belt not in contact with the pulley.
Bucket shapes vary with the manufacturer.

They are

ordina,rily constructed of steel, less frequently of plastic or
fiber glass.

Center spacing of buckets depend upon their size,

shape, belt speed, and pulley diameter of head and foot pulleys.
2.

Positive Discharge
The buckets on a positive or perfect discharge elevator
are usually mounted on a pair of chains.

They move slowly and

are so designed that the material drops, without benefit {or
interference) of centrifugal force, from each bucket to a chute
positioned to accept the discharge.

Feed designs differ, in

some units the material is scooped from the boot, while in others
it is fed directly into the buckets.

This elevator is often used on

materials which are light, friable or are otherwise of a nature
which do not discharge readily from a centrifugal elevator.

The

elevator is also useful in handling easily damaged materials.
Because of this last characteristic the positive discharge elevator
may have use in seed handling.
3.

Continuous Buckets
In this eleva tor the buckets are usually mounted on a
chain(s) as close together as possible.

During discharge the

material flows over the specially shaped bottom of the proceeding
bucket.

This is a slow moving elevator and will handle a variety

of materials, the most common being sand and gravel.
4.

Internal Discharge
This is a continuous type elevator in which loading and
discharge take place from the inside of the bucket line rather than
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Figure l.

Spaced-bucket,
centrifugal-discharge
elevator.

Figure 2.

Spaced-bucket,
positive-discharge
elevator.

75

Figure 3. Continuous-bucket
elevator.

Figure 4. Internal-discharge
elevator.

(Figures l, 2 and 3 from Stephens-Adamson Mfg. Co. Catalog 66 .
from J. L. Mitchell brochure • )

Figure 4
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from the periphery.

The buckets are so designed and positioned that

they overlap during loading.

Both loading and discharge may be ac-

complished from either side of the elevator.

Some elevator designs

use one foot and one head shaft, others are equipped with one foot and
two head shafts, and still others have two foot and two head shafts.
Some are cased, some are not.
A type with two foot and two head shafts mounted in an open
frame is gaining in popularity among seedsmen because of its gentleness in handling seed and ease of cleaning.

Since the seed is fed

into the slowly moving overlapping buckets no boot is needed.

With

no boot, the friction caused by buckets moving through the mass is
eliminated, no seed can become crushed between pulley and belt or
chain and sprocket, and the seed need not fall any further than the
depth of the bucket during feeding.

Since the buckets move too slowly

to exert an appreciable centrifugal force the seed is discharged from
each bucket by gravity into a chute which may be spouted to either
side.

When the chains are lubricated with graphite, the unit is prac-

tically self-cleaning .
simple.

If it is not cased, inspection for cleanliness is

Seedsmen or organizations handling easily-damaged seed may

wish to carefully consider this type of elevator.
Vibrating conveyors
Vibrating conveyors, also called oscillating or shaker conveyors, move
materials uniformily in a continuous flow along a metal trough .

The trough is

mounted on rigid inclined toggles and is usually driven by a constant ·stroke eccentric drive.

The horizontal motion resulting from the eccentric is transformed into

an upward and forward pitching action by the inclination of the toggles .

The mate-

rial to be conveyed moves up and forward with each vibration while the trough
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returns backward and down.

The result is a series of rapid pitching actions which

produce a total net movement of the material toward the discharge end of the
trough.

Short feeding type conveyors are sometimes powered by an electromagnet

that can produce differing rates of vibration depending upon the rate of feed desired.
Although often used in industry to convey hot, abrasive, fine, dusty, lumpy, or
stringy materials these conveyors handle free flowing material equally well.

In

a seed cleaning plant they are often used to convey seed short horizontal distances, for instance from beneath a cleaner to an elevator leg on the same level,
or to feed some machine uniformily. A well built unit of this type is sturdy, and
compact.

One ofits most outstanding advantages to the processor of pure seed is

that it is completely self-cleaning and easily inspected.

Perhaps its chief limita-

tion is that it must be mounted on a firm foundation.
Pneuma tic conveyors
Pneuma tic conveyors move granular materials through a closed duct system
by high-velocity air.
mechanical parts.

They are characterized by low upkeep having only a few

They are flexible in that the conveying pipes may be placed in

any position and may be branched.

These conveyors are practically self-cleaning.

Disadvantages include high power requirements and possible damage to conveyed
materials.

Three basic systems are used in conveying a variety of materials:

(1) High-pressure systems which employ low-velocity , high pressure air.
(2) Low-pressure systems using high-velocity, low density air in which
centrifugal fans are commonly employed.
(3) Suction systems in which the pressure in the system is less than atmospheric pressure.
Although the high-pressure system is the most efficient of the three, seed
handling by this method is still in the experimental stage.

The low-pressure sys-:-

tern does not deliver sufficient suction to move many types of seeds.

On the other
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LIFT MASTER
FOR AUTOMATION
THE PROV EN PNEUMATIC CON V EYOR

TO F EED A ND RECEIVE F ROM ALL TYPES OF" PROCESS INC> ~ACHINES
ALSO USED TO COLLECT SCREE N IN GS A t-ID TRASH

Figure 5.

J;>iagrammatic sketch illustrating the flexibility of the air-lift elevator.
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hand, suction systems, commonly termed

11

air-lifts 11

,

are fairly widely used in cer-

tain areas, notably in the West, for the conveying of seed.
An air-lift is composed of a feed hopper, suction line, fan, receiver,
exhaust line, and air-lock valve at the bottom of the receiver.
signs differ in the position of the fan in relation to the receiver.

Air-lift elevator deThe fan may be

located before the receiver, after the receiver , but more commonly at the top of the
receiver as an integral unit.

Feed hoppers also vary, some introducing the seed

into a vertical portion of the suction line, others feeding on a horizontal intake.
The rotary air lock located at the bottom of the receiver allows the seed to pass
from the receiver without breaking the air seal in the system.
In operation, seed or grain is fed into the moving air stream within the
suction line, lifted to the conical receiver, spirals to a stop because of lower
velocity air movement, and passes through the rotor
charged directly from the fan.

air-~ock

while the air is dis-

Baffles and a larger discharge than intake line

prevent seed from being blown out of the discharge pipe .
Lift and carrying trucks
Lift trucks have several advantages which should be considered. With an
adequate number of well-constructed and properly-sized boxes thay can double
both as conveyors and as storage units.

A truck is especially useful where a

large number of lots are to be handled on relatively few processing machines .
Steel boxes equipped with moveable tops provide excellent temporary storage bins
prior to processing.

Lift boxes will substitute for a large number of permanent

bins and will make unnecessary handling of uncleaned seed in bags.

By the use

of pallets, the same truck which carries the boxes can also transport and stack
the bagged seed.
Seed stocks organizations or other establishments processing a large number
of lots in which positive identity is imperative might well afford to investigate the
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possibility of using the lift truck system . It is a method which offers many advantages in cleanliness

I

maintenance of seed purity

1

damage free handling

1

and

flexibility . With perforated bottoms in the boxes and a properly designed drying
set-up

I

the seed can be artificially dried in the boxes .

The original cost may seem

a little high but the system could easily pay off in the long run .
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SEED TREATMENT AND THE SEEDSMAN
T. C. Ryker11
If we review the history of seed treatment, we find not long ago only a few

crops were treated .

There was little choice in treating material and it was hard

work for the farmer.

Then, it just wasn't the seedsman's problem.

today seed treatments are applied to all crop seeds .
it is worth treating.

In contrast,

If the seed is worth planting,

There is a large selection of excellent treating materials , and

seed treating is now an integral part of seed processing.

Seeds men now have this

responsibility because the farmer wants this service and is willing to pay for it.
To accept this responsibility, a working knowledge of the treating materials and an understanding of the principles and procedures involved in using them
are required.
Seed Treating Products
Seed treatments di sinfect and protect.
By disinfection, we actually mean disinfestation or ridding the seed surfaces of organisms which are potentially disease producing.

Present disinfectants

are effective against all but the internal borne organism, such as the loose smuts
of barley and wheat.

The organic mercurials , because of their extremely high dis-

infecting efficiency, are the predominant disinfectants today .
A seed protectant is a chemical that , by its presence on the seed , prevents
attack by seed-borne o r soil - borne organisms to seed after planting.

Such orga-

nisms cause diseases known as seed rot and seedling blights or damping-off.
crop seeds can benefit from a protectant.

All

But many do not require a disinfectant

because of the absence of seed-borne diseases.

1:./Dr. Ryker is Associated with the Industrial and Biochemicals Department , E. I.
du Pont de Nemours and Company, Wilmington , Deleware .
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In addition, certain insecticides have come into use to protect against
storage insects or soil insects, such as the seed corn maggot and wire worm that
may attack the seed and germinating seedling.
Seed treating products are formulated for the various types of treaters.

It

is important that the one selected is designed for the treater that is to be used
dust, slurry, or direct.
Organic Mercurials:
The organic mercurials serve the dual role of both disinfection and protection.

They are used on seed not easily injured where disinfection is necessary

or difficult. With volatile mercurials, the fumes serve two important function .
They contact all the seed surfaces, including underhull parts, to do a complete job
of disinfection; and they are absorbed by the seed surfaces to obtain a complete
retentive coating of the seed parts for its protection once it is planted.

To obtain

the benefits of this volatility or fume action, treated seed must be held at least 24
hours before planting. With longer storage, it is possible to get disinfection with
reduced dosage, but some seed protection is sacrificed.

The fume action is not

so important on wheat because its smooth coat is easily covered.

But it is essen-

tial for coverage of rough-coated barley , loose-hulled oats, and the linty surface
of cotton .
In general, mercurials are recommended for the treatment of small grains,
flax, cotton, and safflower.

Proper dosage is critical.

Over-treatment may result

in seed injury , and under-treatment may fail to adequately control disease.

Seeds

thoroughly cured, dried, and properly treated can be safely stored if a few precautions are taken:
l.

Insure good storage conditions.

High temperatures and high moisture

favor seed deterioration and chemical injury.
2.

Particular care should be given to treating.

While there is roughly a

100 percent margin of seed safety, injury is still possible from overdosage or from
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poor distribution of the chemical on the seed.

Over-treatment cannot be removed

by washing, due to the absorption of the mercury into the seed coats.
3.

Mechanical injury to the seed favors treatment injury, particularly when

seed is initially stored under high temperature conditions.

This can occur with

wheat where attention is not given to proper thrashing (too high cylinder speed),
resulting in skin breaks over the germ.
mits safe treatment of such seed.
injury.

Delaying treatment until cool weather per-

Too severe debearding of oats favors treatment

Frosted seed are more susceptible to mercury injury than sound seed.
4.

Treated seed should not be held in air-tight storage.

Open bins,

sacks, and paper bags -- the normal methods of handling seed -- are all suitable,
safe procedures.
Non-Mercurials:
The non-mercurial
captan, and chlorinil.

11

protectants 11 are based on such chemicals as thiram,

They are generally used for the treatment of crop seeds

other than the flax, small grains, and cotton.

However, both mercurials and non-

mercurials may be used on sorghum, rice, and acid-delinted cotton seeds.
Protectant effectiveness is dependent upon complete seed coverage, and
higher dosages are generally required than for the volatile organic mercurials.

The

protectants have the advantage of an extremely wide margin of seed safety and
lower health hazards to users.

The treating rates may be adjusted to seeds •

needs and to the expected severity of the planting conditions .

There are no spe-

cial storage requirements.
Certain other non-mercurials are used for special purposes on some of the
crops normally treated with a mercurial.

Copper carbonate contro.l s stinking smut

of wheat and kernel smut of sorghum, but has little seed protectant value.
Hexachlorobenzene is a specific for stinking smut or bunt of wheat.

It is not

effective against the smuts of barley and oats and has relatively no seed protectant
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value.
Insecticides:
Insecticides are finding increasing use in seed treating.
merchandised in combination with the fungicide
dual use

I

1

These may be

or as distinct products for indivi-

or combined with the fungicide in the treating process.

protection against storage insects

1

The uses include:

particularly various cereal crop seeds; protec-

tion against certain soil insects that attack the seed and germinating seedling
particularly sorghum

I

corn

1

beans

1

and vine crop seeds; and

I

1

protection of the

growing plant through systemic action , such as with certain organic phosphates on
cotton.

The use of insecticides can require special storage precautions for seed

safety.
Justification For Seed Treating
The benefits of seed treatment
public research

I

1

so well defined through commercial and

are so great that it is hard to justify not treating.

Published re-

search names the benefits of seed treatment as improved stands, quality
and return on invested capital through disease and insect control.

1

yields ,

It has been

said that no other agricultural practice returns more for the investment than seed
treatment.

Yet , a sizable portion of the seed planted today is not treated.

So

there is need for more widespread understanding of the specific benefits:
1.

Controlling seed-borne diseases:

Seed disinfection -- proper seed

treatment is effective against most of the many seed-borne diseases that are common with small grains and cotton.

These diseases

1

from a treatment standpoint

may be conveniently grouped under three types:
{a) Systemic diseases that infest the seed during the harvest or
storage period resulting in infection of the developing . seedling
following planting. Treatment is completely effective. Such
diseases include bunt or stinking smut of wheat; loose kernel and
covered kernel smuts and Helminthosporium stripe of barley; loose
and covered smuts of oats; head and kernel smuts of rye; loose

1
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kernel and covered kernel smuts of sorghum, and kernel and head
smuts of millet.
(b) Systemic diseases that infect the seed during the flower stage
to become established within the seed and from there within the
resulting plant. Chemical treatment is not effective . These include the loose smuts of barley and wheat. Hot water or water
steep treatment advised for control. Three other smuts, while
neither seed-borne nor controlled by treatment, should be mentioned because of frequent confusion with the above smuts . These
are dwarf bunt of wheat, head smut of sorghum, and com smut.
(c) Non-systemic diseases that infest the seed during the harvest
or storage period and the fungus, following planting, attacks the
seed and seedling to kill it before emergence or produces a blighted
plant from which the disease spreads to neighboring plants . Treatment effectively controls the seed-borne phase . These diseases
may, to varying degrees, also over-winter on plant debris. They
include the many Helminthosporium spots, blotches or blights of
barley , oats, rice , rye, sorghum, and wheat; Fusarium scab or
blight of barley, oats, rye , sorghum, and wheat; bacterial blights
of barley, oats, and sorghum; anthracnose, bacterial and ascochyta
blights of cotton; rust of safflower; anthracnose and pasmo disease
of flax.
Even for seed known to be resistant, it is still sound economy to treat as a
precaution against the introduction or spread of new diseases or new strains of the
fungi.

This has happened with new races of smut and the scourge of Helminthos-

porium Victoria blight of oats .
2.

Protecting seeds against seed rot and seedling blights:

Seed protec-

tion --seed treatment, by its protective coating around the seed, acts as a
barrier once the seed is planted to ward off attack by both seed-borne and soil borne organisms .

These organisms affect all crop seeds , and the degree of attack

will depend upon a number of factors.

This is understandable if we recognize that

each individual seed is a source of food once it takes on water , as occurs with
germination, to become attractive to many organisms .

Of particular importance

are the organisms Pythium species and Rhizoctonia that are present in all soils .
They may rot the seed before germination gets well started or they may kill the
seedling before it emerges, or so affect it that it dies after emergence or survives
only as a weakened plant.

These effects, depending upon the crop involved , are
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variously noted as seed rot, pre-emergence damping-off, damping-off, and seedling blight or soreshin in the case of cotton.
The response to a protective treatment will vary with the kind of crop seed,
the vigor of the particular seed, the amount of the seed, mechanical injury to and
the adversity of planting conditions.

In general, conditions favoring rapid germi-

nation minimize disease attack, while disease is favored by the reverse, unfavorable conditions induced by adverse temperature or extremes of moisture.
seeds differ in their natural protective mechanism.

Crop

Beans, sweet corn, sorghum,

and peanuts are somewhat more susceptible to attack than many other kinds, and
hybrid corns are more susceptible than the former open-pollinated corn.
of the seed, which has been spoken of as

11

The vigor

the physiological age , 11 affects response

to treatment; the weaker the seed, the greater the need for the protectant.
cannot necessarily be determined by the standard germination test.

Vigor

For example ,

year-old corn may germinate as well as new corn, but it will not perform as well in
the soil without added protectant fungicides.

The condition of the seed surface af-

fects susceptibility . With mechanical harvesting and preparation of the seed , .it is
almost impossible to avoid skin breaks or abrasions.

The fungicide compensates by

protecting these cracks and abrasions from entrance of fungi.

This is particularly

important on flax, beans, peas, corn , sorghum, and peanuts .
3.

Improving germination: Seed mold control --while we normally do not

think of treatment as affecting germination of seeds, there are important situations
in which it does.

By germination , we mean the standard germination tests that are

used as a measure of seed potentialities, and not plant emergence or performance .
Treatments will often improve germination through the control of seed surface molds.
Though normally not considered pathogenic, they may infest the seed following moist
harvesting or storage conditions.

In the germination tests , they may smother the

seed before it has a chance to germinate.

Treatment may also actually help main-

tain vitality during storage if mold infestation is severe enough to actually damage
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seeds.

These benefits are common on vegetable seeds such as spinach and beans

and on field crop seeds such as sorghum and soybeans. Warm

more humid eli-

1

mates accentuate this condition.
4.

Protecting against storage insects: The protection of seed from insect

damage in storage becomes of increasing importance with the trend toward processing 1 treating I and unit packaging of the seed at harvest time.
such as mercurials and thiram

I

have insect repellent properties

Some fungicides
I

but for complete

protection it is necessary to add insecticide for the more troublesome seeds.
need varies with the crop seed and the location
tions of storage.
the North

I

1

1

The

and the insect sanitation condi-

More insecticide is needed to protect seed in the South than in

in warm storage than in cool storage

field rather than from storage

1

where infestations starts in the

1

and where poor insect sanitation is practiced ,

Several insecticides have proven effective for combining with the seed
treating fungicide .

These include DDT 1 methoxychlor 1 and malathion ,

Dosage

.-

for DDT and methoxychlor is based on one-half ounce per bushel of a three per
cent dust for dry application; and two ounces of a 50 percent wettable powder per
gallon of slurry

1

treating approximately 30 bushels ,

proximately 35 ppm for wheat.
fiable

I

The slurry rate applies ap-

For Malathion Premium Grade 75 percent Emulsi-

the recommended rate of use is one pint per 1 000 bushels which applies
1

approximately 10 ppm for wheat. When an insecticide is used with the liquid mercurials agitation is required . It is not advisable to store the mixture .

These

amounts of insecticide are minimal and adequate for the temperate zones but additional insecticides may be needed in warmer climate areas .
Methoxychlor and DDT are relatively stable and do not break down in
storage

I

whereas malathion loses effectiveness with storage .

In some products

I

sufficient insecticide has been added to the fungicide

for minimum protection against storage insects.
5.

Controlling soil insects:

Combination treatments --the term

1
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"combination treatments" has come to mean the addition of an insecticide with the
fungicide for the added protection of the seed and seedling against certain soil insects

1

such as the wire worm and the seed corn maggot.

insect protection

1

In contrast to storage

it is a means of giving limited protection to the seed and seed-

ling until it becomes resistant to attack or can survive limited attack.

It is not a

means of disinfesting the soiL Where insect damage is heavy or confined to the
roots and stalks

I

soil application rather than seed application is recommended .

In two general areas combination treatments have paid big dividends:

(1)

the northern Great Plains wheat growing area where the wire worms have been most
troublesome; (2) wide areas on corn and certain vegetable crops where the seed
corn maggot is often a limiting factor in getting satisfactory stands.
probable that country-wide

1

It is quite

soil insects account for more seed and seedling

damage than is presently recognized.
Interest in seed application of insecticides came with the development of
chlorinated hydrocarbon insecticides
dieldrin

1

1

such as lindane

I

aldrin

that proved highly effective against soil insects.

1

heptachlor and
I

The only complication

to use was the occurrence of adverse seed effects causing reduced stands . Apparently the insecticide predisposes the seed to attack by organisms .

This

adverse effect could be overcome by the adequate use of certain protectant fungicides.
Non-mercurial fungicide combination products
captan-dieldrin

1

have become standard for beans

1

1

such as thiram-dieldrin and

lima beans

I

sweet corn

I

sorghum

and vine crop seeds . . These combination treatments give insect protection and fungus protection comparable to the fungicide alone with no loss in the wide margin of
seed safety , even in the absence of insect damage.

Dieldrin is preferred over the

other insecticides because its longer residual stability permits seeds to be treated
well in advance of planting or carried over from one season to the next without appreciable loss of insecticidal effectiveness .

1
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With mercurials, there is something of the same fungicide-insecticide relationship as with the non-mercurials.

But there are certain significant differences

that limit incorporation of an insecticide with a mercurial fungicide in a single product.

The treating rate of the mercurial cannot be increased to get the added seed

protection often needed for the insecticide use without risk of phytotoxicity from
the mercurial.

The practical requirements of a liquid treatment for most areas

necessitate use of _oil type solvents for the insecticide.

These , in turn, increase

the potential phytotoxicity over that of a wettable powder formulation.

Treatment

cost for grains such as wheat is more critical than with the higher priced seed of
corn, beans, etc., on which the non-mercurial combination products are used.
In spite of these factors, the addition of an insecticide to mercurial. treatment has proven highly profitable in specific areas where wire worms are a problem.

The benefits of a good stand of healthy plants from the first planting far

outweigh the cost and any adverse seed effects from the treatment.

Generally,

treatment with the insecticide is made only when the seed is to be planted where
wire worms are likely to be a problem, and dual treaters have been developed that
permit selective treatment of the seed with the insecticide . Aldrin and heptachlor,
for economy reasons, have been the favored insecticides since treatment is usually made close to or at planting time to avoid need of a long residual retention on
the seed .

In addition, wettable powder or emulsifiable liquid formulations may be

added with the fungicide treatment in slurry treaters .
Seed Treatment of Specific Crops
Oats: This crop is unique among small grains in that only a small percentage is treated despite greater benefits from treatment.

Oats are a haven for seed-

borne diseases which include black loose smut, covered smut, Helminthosporium
leaf blotch, Helminthosporium (victoria e) blight, Fusarium scab, and bacterial
blights.

All of these diseases can, to a large degree, be controlled by proper
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seed treatment. While the smuts are quite noticeable and often serious, the
Helminthosporium blights are particu larly damaging in the South.

They may com-

pletely des troy fields or may result in thin stands of lower vitality plants.

Dr.

Ivanoff at Mississippi State University has recently published material on these
two Helminthosporium diseases and the effectiveness of seed treatment in their
control.
The initia l infection from the Helminthosporium fungi occurs on the
coleoptile as the seed germinates.

To prevent this infection, it is necessary to

have a volatile mercu rial to penetrate the hull. The presence of Helminthosporium
on the seed can be readily observed by planting in sand or by peeling back the hull
to expose the base of the coleoptile in the germinator.
It is easy to demonstrate yield benefits from treatment of three to five or

more bushels per acre.

Often, of even greater importance is the increase in forage

as reflected in improved grazing.

These benefits are derived from cost of three to

five cents per bushel for chemicals.
Cotton: The primary purpose in treating cotton seed is to improve germination , emergence , and promote healthier stands through prevention of seed decay .
Non-viable se e d in an untreated lot or in a poorly treated lot will actually stimulate fungus growth, and thus increase the seedling disease problem.

Control of

certain seed-borne diseases , such as anthracnose , is not as important today as
formerly because of the eradicant action from treating over the years.

However,

these seed-borne diseases must not be overlooked in the treatment of machine and
fuzzy seed since they will always remain a threat.

On acid-delinted seed, surface-

borne organisms are not a factor due to their elimination in the acid process, but
seed protection is doubly important because the acid removes part of the natural
protection in the seed coat.
The problem on cotton is not in getting the seed treated.
But seed often is not adequately treated.

Everyone treats .

Too much emphasis has been on cost ,
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12 to 20 cents per hundred weight, and not on the benefits derived.

Even with the

best treating Job, there is still need for more prolonged protection.

Replanting is

costly, particularly now with the general use of pre-emergence herbicides.
Hence, the interest in soil treatment.
The volatile rnercurials have, for the most part, been the preferred treatrnent for machine delinted and fuzzy seed.
Com: Treatment of corn is not a problem. All hybrid seed is treated.
Seed protection is the need, and the cold test was developed on corn as a quick
and easy means of evaluation. This permits adjustment in the treating rate to fit
the protection needs.
tectant.

Carry-over corn and corn with skin abrasions need more pro-

Secondary considerations in the selection of treatment include planting

effects on the seed and disposal of unused treated seed.

Consideration should be

given to the addition of an insecticide for protection against soil insects .

Corn-

bination treatment is beneficial in many areas, although not widely accepted for
certain practical reasons.

The relatively high price for hybrid corn seed makes

the cost of treatment (around 10 cents a bushel for the fungicide) of little irnportance.
Yield benefits from treatment usually closely follow stand improvements .
In some instances, yield benefits have occurred in the absence of stand increases,
presumably as a result of trea trnent producing more vigorous plants.
Sorghum: The advent of hybrid sorghum has brought new consideration in
treatment of this crop seed and a wider appreciation of value of seed treatment.
With open pollinated varieties and the little premium placed on quality seed, low
cost treating and control of the loose and covered kernel smuts were the deterrninants.

For these, the rnercurials had the nod, even though sorghum seed is quite

sensitive to mercury injury.
The more costly protectant fungicide treatments based on thirarn or captan ,
while recognized as being effective against the smuts, were not previously
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considered needed for seed protection.
sorghum.

The emphasis has changed with hybrid

Sorghum seed is extremely susceptible to seed rot which can be much

more effectively prevented with the protectant fungicides than with the mercurials.
The seed is so susceptible that good evaluation of treatment can be made without
resorti'ng to a cold test, as is necessary for corn.
A third consideration is the suppression of seed molds that are serious
when moist weather occurs during the maturation and harvesting periods.

These

molds not only reduce the seed vigor, but may obscure germination evaluation.
With infested seed , it is not uncommon to show substantial increases in germination percentages from treatment and the seed benefited by an increase in the amount
of the protectant fungicide.

An interesting new development followed the evalua-

tion of 11 Arasan 11 42-S thiram seed disinfectant and protectant as a sorghum head
spray for bird repellency. While not too successful against the birds, treatment
with one-half to one gallon of product per acre inhibited the development of the
seed mold sufficiently to increase the quality of the seed.
The fourth consideration in treating sorghum concerns the addition of a soil
insecticide.

Combination treatments have almost invariably improved stands over

that from the fungicide alone.

If we should rate the various treatments on stands,

we would have a relationship something as follows: untreated seed 50, mercurial
treatment 70, protectant fungicide 80, combination 90.
Soybean Seed Treatment
Soybean seeds are more susceptible to deterioration than almost any other
crop seed.

Therefore, it is important that soybean growers and seed processors

understand the critical factors affecting deterioration, and the benefits made possible through treatment with a protectant fungicide.

These benefits have often

been obscured by ' the tendency in some areas to recommend treatment only in the
event of poor quality seed.
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Seed Deterioration Factors:
1. Aging --the rate and extent of natural deterioration are controlled large-

ly by temperature and moisture conditions.

Changes in these conditions occur in

the field before harvest, resulting in seed stresses that produce internal injuries.
It is not weeks or months that determine the relative age or vigor of the seed, but

rather the sum total of moisture and temperature conditions.

Treatment helps pro-

tect weakened seed, particularly under adverse growing conditions.
2.

Diseases

exposure of soybean seed to adverse weather promotes

growth of many common mold fungi, as well as the "purple stain" fungus.

At ger-

mination time these organisms may completely overgrow the seed before it has a
chance to get started.
to field weathering.

Soybean seed in the East and South is particularly subject

Treatment stops the development of the seed molds when pre-

sent to substantially increase the germination and performance .

Treatment also

prevents spread of seed-borne "purple stain."
3.

Mechanical Injury -- mechanical bruising and fracturing are important

factors in seed deterioration.
ble to mechanical injury.

Seeds with low moisture content are most suscepti-

Breakage from harvesting and handling seed with low

moisture content is particularly a problem in the Midwest.
tack by soil-borne organisms.

Cracked seed favors at-

Treatment protects these seed once they are planted .

Recent studies by Dr. Moore of North Carolina , Dr. Walters of Arkansas ,
and Mr. Wyllie and Mr. Goth of Minnesota reemphasize the benefits gained by
treating soybean seed, not only in better stands but also in increased yield.
Treatment is low-cost insurance, seven to 10 cents per bushel of seed.

In some

areas the addition of a soil insecticide is beneficial.
In conclusion Lwant to reemphasize that seed treatment is no longer the
farmer's problem, but should be considered as a part of seed processing .

It is one

of the steps that the seedsman must take if he is to give the grower the best possible seed performance.
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PANOGEN TREATER CALIBRATION
Roy Stu tzman.!l
Seed treatment is done not only for its fungicidal benefits but frequently
also to improve the appearance and saleability of the product. A good mercurial
need not be fully distributed over the surface of the seed in order to give good results as a seed disinfectant and protectant, whereas, the non-mercurials usually
require more complete seed surface coverage.
However, since most seed dressings now contain dye in varying amounts,
the distribution on the seed can be seen rather readily.

If a complimentary dye

color is used, it can improve the appearance of the seed if properly applied.

Of-

ten weathered seed may not appear bright and of high quality, but if prdperly
treated and colored, it will not only grow as good as the bright and highly attractive lots , but will also compare favorably with them in appearance.
Proper adjustment of a good seed treater can make the difference between
a sorry looking product and one that is a readily saleable profit maker.

The cor-

rect adjustment of a Panogen treater is simple and seldom requires any tools other
than the calibr-ated cup supplied with each unit.
out of adjustment.
wear out.

Once set, it cannot easily get

There are no intricate working parts to become fouled or to

Simplicity has been deliberately engineered into the treater.
Panogen Automatic Seed Treaters
Directions For Installation, Operation and Care

Preparations: The treater should be installed so that it is easily accessible
from all sides.

Never place it against a wall so that admission to the transmission

would be blocked. When a bagger is used, a stand or platform of suitable height

.!/Mr. Stutzman is Associated with the Agricultural Division (formerly Panogen Co.)
Morton Chemical Company, Chicago 6, Illinois; manufacturers of seed treaters
and seed treatment materials.
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will have to be constructed using wood or angle iron, be sure that treater is high
enough from floor so that full bags of seed can be removed easily from bagger.
Casters or wheels may be placed underneath stand so that treater can be moved
about.

For satisfactory operation of the measuring scale, it is necessary that the

treater stands level. Allow for easy access to the automatic scale.
Exhau st Fan Duct: The treater is equipped with a powerful fan which serves the purpose of evacuating dust from the seed, and foreign matter from the drum
during the treating .

This fan should be connected to a 6" pipe -- an ordinary

stove pipe will serve the purpose .

To assure good ventilation, it is desirable that

the air is discharged by a vertical pipe through the roof.

To prevent water from

entering the pipe , the section protruding above the roof should carry a cap , with a
diameter of at least 8" , placed about 4" from the end of the pipe.

If it is too dif-

ficult to take the ventilating pipe through the roof, it is desirable to raise the pipe
vertically as high as possible from the fan before extending it horizontally . An
ordinary adjustable elbow should always be used -- never a sharp one . As the fan
will blow out considerable dust , the pipe should be led out in the open to a place
where the discharge will not disturb men working in or around the elevator.
Directing Flow of Grain Into Scale Hoppers: When spouted from top of leg
or from bin located high above treater , the force of impact, particularly when
grain hits scale hoppers at an angle , sometimes tends to make the scale operate
unevenly .

The flow of grain can be directed so as to rectify this by (Figure 1,

detail 13); (a ) adj u sting angle intake shutters or (b) constructing a small hopper to
receive and distribute the falling grain .
Check shutters in discharge end of drum:
1.

If running machine-delinted cotton seed, the outside shutters or
clean-out shutters may be opened as far as possible or removed
entirely if machine does not clean out fast enough.
mately 3 minutes) .

(Approxi-
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2.

There are 3 sets of center rings that are furnished with your
treater.

The following is a table to determine which set to

install for the capacity at which you operate.
Machine-De lin ted Cottonseed
5 & over tons per hr. -None
II
II
II
-3 11 wide ring
3-:-5
II
II
II
2-3
-4 11 wide ring
II
II
II
0-2
-5-7/8 11 wide ring
Small Grains and Acid Delinted Cottonseed
600 bushel per hour -4 11 wide ring
11
11
11
300
-5-7 /8" wide ring
When running small grains or acid delinted cottonseed
outside or clean-out shutters installed in end of drum.

1

you must have the

These shutters should be

open as follows:
0-:-.300 bushel per hr: for acid delinted cottonseed - 3/8 11
300-600 bushel per hr. for acid delinted cottonseed - 3/8 11
For small grains such as wheat

I

oats

I

-

3/4 11

barley and rye :

0-300 bushel per hr. 1/4 11 - 3/8 11
300-600 bushel per hr. 3/8 11 - 3/4"
Remember when operating your treater that the drum should run approximately 1/3 to 1/2 full of grain or cottonseed during continuous operation.
Dosage: One set of two dippers (Detail 12) are attached to the automatic
scale.

Thes-e deliver a small quantity of Panogen to the seed in the mixing drum

each time the automatic scale trips .
By raising the sliding weight
by lowering the sliding weight

1

I

(Detail 26) the dosage is decreased , and

the dosage is increased.

The quantity of seed

required to trtp the automatic scale hopper at a fixed position of the sliding
weight is to

a

certain extent dependent on the rate of flow.

When controlling the

dosage it is therefore important that the rate of flow of seed is the same as when
actual treating is done.

Inasmuch as the recommended dosage is given in ounces

per bushel of _seed (by volume) while the scale weighs out the seed

1

the weight
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per bushel of the seed influences the adjustment of the dosage .

It is evident ,

therefore, that a different adjustment of the sliding weight is required when changing over from wheat to oats, for example, since there is a considerable difference
in weight per bushel between these two kinds of grain . Adjustment of the sliding
weight is also necessary when a different dosage per bushel is required , as for instance in the case of cottonseed.
To determine the exact position for a required dosage, the following control
of dosage should be made:
Control of Dosage: Directly below the reservoir , (Detail 10) is a short
piece of rubber tubing, (Detail 14) connected to outlet of reservoir and to the inlet
of distributor pipe, (Detail 27) leading into the mixing drum .
Remove tubing from distributor pipe and insert in bypass pipe

I

(Detail 28)

and set cup on cup holder attached to angle iron frame to catch bypassed liquid.
The number of dumps per bushel of seed are regulated by raising or lowering the sliding weight, (DetC?-il 26) .
weight settings for various seeds.
weight.

See enclosed table showing the approximate
Table shows number of holes to show above the

The scale should trip 5 times to deliver 3/4 oz. of Panogen liquid per

bushel of small grain .

Thus

I

the scale should trip 20 times to deliver 3 oz . of

Panogen per 100 lbs. of machine-delinted cottonseed , or approximately 14 times
to deliver 2 oz. of Panogen per 100 lbs. of acid delinted cottonseed . When treating acid de lin ted cottonseed or small grain such as wheat and oats, the large
weight supplied with the treater should be used and the small weight and counterbalance weight should be removed .
When treating machine-delinted cottonseed or fuzzy cottonseed

I

the small

weight and counterbalance weight should be used and the large weight removed from
weight arm.
Dosage may be checked by tripping scale by hand .

For example: Trip scale

40 times and approximately 6 oz . of liquid should be bypassed into measuring cup .
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It is a better check if you run a quantity of seed through treater at the rate at

which treating is actually to be done , and determine by weight or meas ure how
many bus h els have been treated o Observe how many o nces of liqu id have been
bypassed into the measuring c u p o If dosage is too large , raise the sliding weight,
if too small , lower ito

When it appears that correct dosage has been reached ,

make check run to verify accuracy .
When t he exact positions of t h e s liding weig ht have been determined for
the different kinds of seed at t he ca pacity at which the treater is normally operated , a notation should be made of the location of the sliding weight for each kind
of seed , so that the necessary c ha nge in dosage may be made withou t repeating
t he controL

Before starting treatment , be sure test hose is removed from test pipe

and inserted in inlet to distribu tor pipe o
The Panogen Seed Treater i s designed for accurate dosage o To take full
advantage of this feature , it is recommended that t he dosage is c h ecked now and
then ,

For good control of diseases , it is important that a s u fficient quantity of

disinfectant is applied o On t he o ther ha nd , it is wa stefu l , and may sometimes be
inj u riou s to the germination , to apply too large a dosage o Always follow the re commendations for dosage given on t e labels of t he containers o
Since the US-6 0 g rain trea t er is e ssentially the s ame as t e cotton
treater pictured previou s ly , t he adj s tments for dosaging are similar.

Structu -

rally , the major difference is in t he l ower scale ho u sing area o The c o tton
treater r eq ire s an a u ger to force feed fu zzy or machine-delinted seed into the
revolving drum , whereas , t he grain ma c hine ha s a slanted bottom for simple
gravity flow o
Likewise , the US-4 and KS 3 and 5 treaters are essentially the same in
design and adj u stment.
The LC treater (Fig re

2~

i s s i mila r in design and ad ju stment to the pre-

viously mentioned grain type treaters o The shu tters which control a u tomatic
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clean-out rate and amount of grain retained in the drum during treater operation are
somewhat modified in design but their mode of operation and method of adjustment
is similarly simple and easy.
It is necessary that the several V belts used in the drive mechanism be kept

sufficiently tight so that there is no slippage.

Belt adjustment is usually required

following the first few hours of operation especially on the drum drive

I

but after the

initial setting there usually is little further need for care until after many days of
use.
In order to apply wettable powders of fungicides or insecticides

I

it is neces-

sary that a slurry mixing tank be used as an attachment to the standard Panogen
treater (Figs. 3&4). Since the revolving drum principle is the best method of getting
good distribution of the treatment on the seed surface

1

a Panogen treater together

with slurry attachment makes a versa tile and highly satisfactory piece of equipment.
Some types of seed and some wettable powders require more carrier for good
uniform and attractive coverage than do others. Wrinkled seed such as corn frequently looks better if 6 to 8 oz. of slurry mixture is applied than if only the suggested 4 1/2 oz . be used.

Adjusting the weight setting on the scale arm to dump

more frequently per bushel of seed and then adjusting the slurry mixture to be
correspondingly less concentrated is easily accomplished with the flexibility of adjustment of a Panogen treater.

Checking dosage with the graduated cup supplied

with all Panogen treaters affords an easy method of determining exactly the dosage
being applied to any seed.
Simplicity
treaters.

1

accuracy

1

and dependability are built in features of Panogen

US60C- II

ACID

COTTON SEED

COTTON SEED

MACHINE

US60C- 26

7 Holes
Small Weight
US60C - 32US60C- 19

US60C - 16

us6oc:17
US60C- 24

PRICES SUBJECT TO
CHANGE WITHOUT NOTICE
PART NO.
US60C - 8
US60C- 9
US60C-10
US60C- II
US60C - 12
US60C · l3
US60C- 14
US60C- 15
US60C-16
US60C- 17
US60C- 18
US60C-19
US60C- 20
US60C- 21
US60C- 22
US60C- 23
US6QC - 24
US60C- 25
US60C- 26
US60C- 27
US60C- 28
US60C- 29
US60C- 30
US60C-31
US60C- 32

No. Reqd. Cost Ea .

DESCRIPTION
Drum 0

Ring

Drum Sealing Ga sket
Reservoi r Complete
Dipper Arm Brarket

Dipper % oz. Standard
Shut-Off Slide Each Side of Soout
Rubb er Inlet Tube
Roller Chain
Drum Shaft Sprocket
V-Belt Motor To Idler Shaft
Fan Shaft
Fan Shaft Bearing
V- Belt Fan Shaft To Idler Shaft
Idler Shaft Bearing
Idler Shaft Sprocket
Idler Shaft
Drum Shaft Bearing

Rubber Bumpers-Weight
Weight Small
Distributor Pipe

By Pass Pipe
Outside Shutter- 4 Pieces
Center Ring- 3 Sizes
Aug er Seal
Counter Balance W e ight

Arm Stop

I Set

3.40

I
I
I
2
I
I
I
2
I
2
I
2
I
I
2
I Set
I
I
I
I Set
I Set
I
I

22.56
2.08
5.90
2.50
.7 3
6.16
20.68
2.05
7.34
4.75
2.29
5.20
6.66
5.44
6.40
90
6.26
5.75
3.77
10.87
18.78
!.06
5 55

ALL PARTS F.O.B. WOODSTOCK, ILLINOIS
SEND CHECK OR MONEY O RDE R TO :
801

R and B METAL PRODUCTS
McHENRY AVE. WOODSTOCK. JLUNOIS

US60C - 29
(4) Outside Shutters Can Be
Adjusted For Clean Out

FOR SMALL GRAIN USE LARGE WEIGHT
ALSO REMOVE COUNTER BA LANCE WE IG HT
WHEAT

BARLEY

OATS & FLAX

"'
Q)

0

::r:
~

Large

Weight

Arm

CENTER RINGS IN 3 SIZES
3"--4 "-5'Vs'' For Low or H1gh
Rate Treating US60C- 30
DISCHARGE END OF DR UM SHOWING
OUTSIDE SHUTTER & CENTER RINGS

APPROXIMATE WEIGHT
SETTINGS FOR GRA IN

Manufactured by Panogen Company
110 NORTH WACKE R DRIVE, CHICAGO 6, ILLI NOIS

I-'

Figure l.

Panogen treater, Model US60-C.
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0

o

Holes

APPROXIMATE WEIGHT SETTING ON WEIGHT ARM FOR. LC TREATER

0

0
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•
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0
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0
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Weight Arm

0

0

•

0

18 Holes

0

0
0

Manufactured by Panogen Company

0

0

110 NORT H WACKER DRIVE, CHICAGO 6, ILLINOIS
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Fi gure 2 .
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~

Weight

0

Panogen treater, Model LC .

COVER FOR

RESERVOIR

Manufactured by Panogen Company
110 NORTH WACKER DRIVE, CHICAGO 6, ILLINOIS
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MOUNTING

BRACKET

USE SAME MOUNTING HOLES · USED FOR OLD RESERVOIR

ATTACH INLET HOSE FROM
PUMP TO THIS FITTING

INLET TUBE TO CONNECT
RESERVOIR TO DISl'RIBUTOR PIPE

Figure 3.

Instructions for installation of slurry reservoir on Panogen treaters
Model KS-2 KS-3 KS-5 before Serial 300-USSl US52-US4.
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Manufactured by Panogen Company

TO TREAT WITH SLURRY-CHANGE DIPPERS, CLOSE VALVES
(4) & (5) OPEN VALVE (1) AN·D CHANGE RETURN HOSE FROM
LIQUID DRUM TO SLURRY TANK.

110 NORTH WACKER DRIVE, CHICAGO 6, ILLINOIS

TO SWITCH BACK TO LIQUID REVERSE ABOVE DIRECriONS.
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MIXING TANK

2.

RESERVOIR

3.

DRAIN VALVE

FEED

4.

LIQUID FEED

5.

DRUM

VALVE

SHUT-QFF

UNIT NO. SA- l , 2, 3, 4 and 8
ORDER UNIT NO. TO FIT TREATER

Figure 4 . Installation of slurry adapter on Panogen treater.

VALVE

VALVE

105
CALIBRATING THE MIST-0-MATIC SEED TREATER AND WHY
W. S. Acheson.!!
The proper calibration of any piece of seed processing equipment is of the
utmost importance, .and because your seed treater is applying chemicals which
can be beneficial, when applied properly, or detrimental when improperly applied,
the importance of the seed treater is brought more into prominence than processors
realize.
More and more concern is being shown, and given, by state and government agricultural departments in respect to the drop in germination of seed after
being treated.
From the information given us it definitely points to:
1.

Method used in application

2.

Chemical used

Knowing that these facts have existed for a good number of years our company designed, engineered and introduced the Mist-0-Matic method of treating
seed.
The treater itself is simple to operate and has three main sections that we
will discuss as far as calibration is concerned:
A.

Feed Hopper or Seed Intake: · This hopper is located over the weighing
pans of the treater.

The two slides known as seed gates, op~n and

shut simultaneously so as to assure the same flow of seed into the
weigh pan below.
If possible, the opera tor should allow the seed to back up

slightly, into the feed spout so there is a dead weight of seed

.!/Mr. Acheson is Sales Manager, Ben Gustafson & Son Manufacturing Company;
manufacturers of seed treating equipment
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RAPID
REVOlVING
MIST DISC ATOMIZES
CHEMICAl AND
ASSURES UNIFORM
APPliCATION

AND AGITATOR
TYPE PUMP ASSURES
CONTINUOUS FlOW OF All
CHEMICAlS AND PROPER
AGITATION OF SlURRY
CHEMICAlS

Figure l . Gustafson Mist-0-Matic seed treater, Model MlOO.
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falling onto the weigh pans and eliminating any direct flow
which might have a tendency to add some "force" and thereby
tip the pan before the "true" weight of seed was in the pan.
B.

Retarding Hopper:

This part of the treater has a most important

part to play in obtaining the most effective and economical use
from the chemical being applied.
The removable retarders should be kept in such a position that there is still seed in the hopper when the next load of
seed is dumped into the retarding hopper.
The reason behind this retarding action is that the chemical .does not reach the treating chamber as fast as the seed
and therefore to have seed falling through the treating chamber
at all times it must be retarded somewhat.
C.

Chemical Metering Tanks:

The four sets of chemical cups

used in the Mist-0-Matic treaters are checked out to see that
they pick up . the amount of chemical which is stamped on the
shank of the cup arm.

This eliminates the necessity of using

pliers on them in order to arrive at a certain amount of chemical.
Your chemical cups should just clear the edge of the
chemical line hopper by 1/ 16 of an inch to obtain the proper
amount of chemical for the respectiv:e chemical cups.
It in doubt as to which cup should be used contact your chemical sales-

man or our home office in Minneapolis.
The second portion of this talk will deal with "Why" these calibrations
are necessary in the Mist-0-Matic treater.
Basically

1

seed treating should be the treating of each individual seed

.for the very simple reason that it is from the individual seed that each plant
emerges -- not from two

1

three or four seeds

1

but from a single seed.
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Along with this factor we find that some of the new chemicals can be, and
are

detrimental to seed germination even to the point of killing the seed because

I

of too much chemical being applied.

This fact is very true when you consider

some of the present methods where chemical is dumped directly onto the seed .
Although the new mercury chemicals have a volatile or gaseous characteristic

when exposed to air

I

1

these same characteristics are diminished by cold

I

high humidity I high moisture content in seed 1 supressed storage conditions and
planting of seed within a few hours of treating .
Likewise

I

we have heard that distribution of chemicals is not necessary,

but what are we to do with chemicals that must coat each seed or be on the seeds,
such as insecticides and seed protectants? These have no volatile fumes and
therefore to be effective must be on the seed .
It might be well to add at this time

that four of the largest seed treating

1

chemical manufacturers have either written to us , or have published technical information

I

as to why "uniform distribution" of chemicals onto the seed is so

important to good seed treating.

If you would like copies please contact me here

at the school or at our office.
The above problems are why the Mist-0-Matic method was invented for the
seed processing trade and why the calibrations on a treater are so vitally important.
Your Mist-0-Matic method allows each seed to individually come into
actual contact with the chemical, thereby making the most effective and economic
use of the chemicals.
In closing I would like to make these four following statements:
First: All of us should keep in mind that in seed processing work we are
working with individual seeds - not pounds

1

bushels or carloads of seeds.

Second: Each seed is like a small child - if we expect it to grow and develop

1

we must treat it as an individual.
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Third ~

The chemical you apply to the seed is no more effective than the

treater which applies it to the seed .
Fourth ~

Your seed treater , because it is the last piece of processing equip-

ment throu gh which the see d passes becomes the most important piece of equipment
you have in your plant.

lll

GRAIN AND SEED DRYING FUNDAMENTALS
E. S. Coatesl/
It is indeed an honor and a pleasure for me to have this opportunity of

being present for this part of your program. · For a number of years the boys of the
North Carolina Crop Improvement Association have hinted that I should enroll in
one of your short courses .

I still hope that at some future date I can arrange my

spring schedule so that I can participate as you are participating in a full week's
course to learn the many facets involved in the production and marketing of high
quality seeds . We in North Carolina recognize the tremendous influence that the
Mississippi Seed Technology Laboratory and your annual Seedsmen's Short Course
have on the progress made by our seed producers.
In the beginning
field of seed drying .

1

let me state that I do not pose to be an expert in the

However

1

my eleven years • experience with the Agricultural

Extension Service ii1 promoting more and

bett~r

grain storage and handling faci-

lities has afforded me the opportunity of working with the fundamentals involved in
grain and seed drying
Of course

1

o

we recognize that there are certain factors that influence the

design of a seed drying installation that are not of prime importance when we consider the needs of a general grain or crop drying facility ,
The principal objective that points up the difference between the two
systems is

1

of course 1 a definite desire for high germination and viability of the

kernel of grain dried for use as seed .

This objective is influenced principally by

two factors : drying temperature and initial moisture contenL

Before we look at

the data now available concerning these two influencing factors

1

let

US

back up

and think for a few minutes about the fundamentals involved in drying a crop for

l/Mro Coates is an Extension Agricultural Engineering Specialist , North Carolina
- State College Raleigh, North Carolina .
1
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seed or for any other purpose.
The term "drying" is so widely misapplied that its significance is oftentimes confused . Almost without exception
with which we are concerned here

1

the the case of hygroscopic materials

the process ordinarily and loosely referred to

1

as "drying" involves much more than the mere removal of moisture or other volatile constituents .

Even when the product of evaporation is water alone

ing process must be so devised that it conforms to the physical

1

1

the dry-

and often chemi-

cal , characteristics of the given material.
Drying , as meaning the removal of moisture, is practical for a number of
distinctly different reasons .
simply ~

In the case of drying seed and grain , the reasons are

(l) to preserve the material from physical or chemical changes induced or

supported by the presence of excess moisture; (2) to bring the product to the
standard commercial regain or moisture content; and (3) in some cases to remove
the crop from exposure to field conditions that might damage the quality (loss in
test weight

shattering

I

1

insect infestation

1

etc.).

As you know , drying may be accomplished in a number of entirely different
ways

1

as by draining , absorption

1

mechanical separation

1

or

ration , the most important and widely used method of drying
which we are concerned today o Evaporation

1

I

evaporation.~

Evapo-

is the process with

in the simplest aspect

1

is the con-

version of liquid water into gaseous water-vapor.
Water , like all other matter
molecules .

I

is conceived to be composed of a number of

The molecules are in a state of rapid motion

1

the speed and extent of

that motion depending upon the temperature of the matter - temperature of course

I

being merely a measure of heat energy .
When

I

by any external means

1

we increase the heat energy of matter

I

we

affect both the rate of vibration of its molecules and the position of its molecules
with respect to each other.
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By use of heat we can cause the change of the state of a liquid into a
vapor.

This is evaporation .

The heat causes the molecules of the liquid to

vibrate faster and separate further , until the cohesive force or mutual attraction
is so weakened that they separate widely and become almost perfectly fluid and
infinitely expansible , so that the '-':apor will expand and uniformly fill any space
that it occupies .
At this point let us apply this information in a practical manner. We
know that the heat of evaporation or amount of heat required to evaporate one
pound of free water at 76° F. is 1051 BTU . As a result of studies made by Dale
and Johnson of Purdue University
1.

1

the following information is available:

The heat required for evaporation of moisture in wheat and shelled
corn may be greater than the heat required for evaporation of free
water

I

depending on the magnitude of the hygroscopic effect at

lower moisture contents .
2.

Over the range of moistures encountered in most actual drying
systems for wheat and shelled corn , above 14% dry basis , the
heat required for vaporization is between 1 . DO and 1 06 times
o

that for vaporization of free water.
3.

If drying is carried to moisture contents below 14% dry basis

1

the heat requirement is further increased; at a moisture content
of 10% dry basis

1

it is about l. 15 to l. 20 times that for free

water .
4.

For calculations dealing with the moisture-time relation in most
drying s y stems

1

the variation of heat r equirement with moisture

content is not sufficient to preclu de the assumption of a constant
value for this quantity .

Generally , this value is set at 1100 BTU's

for the evaporation of one pound of water .
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Now may we take a look at vapor pressure as it is related to our dry ing problems.

A liquid upon changing its state into a gaseous form , as we have said,

expands.

Gas or vapor enclosed within a container will expand , filling uniformly

all available space within the container.

Its tendency further to expand which we

have shown to vary in intensity with its temperature sets up a definite, uniform
pressure upon the walls of the container.

This is vapor pressure . -whenever the

vapor pressure within a given product such as grain is greater than the vapor
pressure of the atmosphere surrounding it , then molecular action will be such that
vapor will move from the grain .

If the vapor pressures were reve r sed, the action

or movement of vapor would also reverse or move into the product.

If the vapor

pressures were equal, there would be no movement of vapor in either direction .
At this point, the moisture content of the product would be in a state of equilibrium
with the atmospheric conditions .
Again, looking at the critical factors influencing the proper design of a
seed drier, we are aware of the importance of holding the maximum drying temperature at a safe level.

Considerable work has been done at several institutions to

determine the effect of temperature on the quality of seed .

In one study, ears of

corn intended for seed use were harvested at different stages of maturity and
either artificially dried at 108

!"

l. 5° F . or air dried .

fects upon the appearance of the seed .

I mmaturity had definite ef-

The kernels were small , shrunken , dull ,

opaque, and the pericarp often blistered . Artificial drying had no fu rther effects
upon such seed other than to cause some additional blistering of the pericarp and
a rather bleached appearance .
Kernel weight , volume , and specific gravity decreased with immaturity.
Artificial drying brought about no appreciable change in these physical characters.
Seedling emergence was most rapid in the mature seed.

Immaturity re-

tarded emergence while artificial drying caused slight retardation of emergence in
mature seed and a greatly retarded and reduced total emergence of the immature seed

ll5
Mature seed containing 25.2% and 35. 1% moisture , and immature seed
containi ng 44 . 6% moisture , artificially dried for 32 days at 108
reduced to 2% of moisture.

~

l. 5° F. was

The mature seed suffered no injury to the percentage

germina tio n , but seedling emergence was increasingly retarded as the drying time
extended beyond four days, and the kernel moisture was reduced to below 4% .
The percentage germination of the immature seed decreased as the drying period
incre a s ed, and seedling emergence was greatly reta rded even after two days of
drying in comparison with the more mature seed.
Well matured corn, containing 22 . 5% and 26 . 0% of moisture at harvest,
was dr ied at ll0° F. , 120° F. , 130° F . , 140° F. , and 150° F . , for periods up to
24. hou rs.

The germination and seedling emergence was seriously affected at all

temperatures above 120

0

F.

As the result of investigations , reported by Dimmock of the Canadian
Depa rtme nt of Agricultu re , the drying of seed corn by heated air under forced
draft at a temperature of 108

'!

1 . 5° F . , can be recommended as a safe procedure

for c o rn that has reached no rmal maturity, containing up to 35% of moisture in the
kernel s a t ha rves t.

Such seed when dried on t h e ear to 14% or sligh tly lower

s u ffers no injury to its germination , vitality , or p rodu ctivity , and may be shelled
and s tored safely.
I n tests by Wileman and Ull strup (Purdue U niversity ), designed to determi n e w hethe r some inbred lines are inherently tolerant to high dry ing tempe ratures
and tra nsmit suc h heat tolerance to thei r single and dou ble cro ss combinations ,
d e mo nstrated tha t if such differences in heat tolerances do exist i n t h e material
u sed , they are small and of no practical consequ ence within the range of air
tempera tu res used to dry seed co rn .
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REIA TIVE HUMIDITY OF HEATED AIR
Outside
TemJ2era ture
oF.

Temperature
wse
F.

100%

90%

80%

70%

60%

50%

20

20
30
40
50
60
70

41. 2
28. 1
19 . 4
13 . 6
9.6
6. 9

37 . 0
25.2
17. 4
12 . 2
8. 7
6. 2

32 . 9
22 . 4
15 . 5
10 . 8
7. 7
5. 5

28 . 8
19 . 6
13.5
9. 5
6.7
4. 8

24 . 7
16.8
11.6
8. 1
5. 8
4. 1

20.5
14 . 0
9. 7
6. 8
4. 8
3. 4

30

10
20
30
40
50
60

66.2
45.0
31. 1
21.8
15 . 5
11. 1

59 . 5
40.5
28. 0
19 . 6
13 . 9
10.0

52 . 9
36 . 0
24 . 9
17 . 4
12. 4
8. 7

46.3
31. 5
21. 8
15 . 3
10 . 8
7. 8

39 . 7
27 . 0
18 . 7
13 . 1
9. 3
6. 6

33 . 0
22 . 5
15 . 5
10. 9
7 7
5. 5

5
10
15
20
30
40
50

82.3
68.0
56 . 5
47 . 1
33 . 0
23 . 4
16.7

74 .1
61. 3
50 . 9
42 . 4
29.7
21. 0
15. 1

65 , 8
54 . 4
45 . 1
37 . 6
26 . 3
18 . 7
13 . 4

57 . 6
47.6
39 . 5
32 . 9
23 . 1
16 4
1L 7

49.3
40.7
33 . 8
28.2
19 . 7
14 . 0
10 . 0

41. 1
34 . 0
28 . 2
23.5
16 . 5
11. 7
8. 4

50

5
10
15
20
30
40

82 . 9
69 .1
57 . 7
48.4
34 . 3
24 . 6

74 . 8
62.3
52.0
43.6
30.9
22 . 2

66 . 3
55 . 3
46 .1
38.7
27 . 5
19 . 7

58 . 0
48.4
40 . 4
33 . 9
24 . 0
17. 2

49 . 7
41. 5
34 . 8
29 . 0
20 . 6
14.7

41. 5
34 . 5
28 . 8
24 . 2
17 . 2
12. 3

60

5
10
15
20
30

83.4
70.0
58 . 8
49.6
35 . 5

7 5. 1
63 . 0
49.2
44.7
32 . 0

66 . 7
56 . 0
47 . 1
39 . 7
28 . 4

58 . 4
49 . 0
4L 2
34 . 7
24 . 9

50.0
42 . 0
35 . 3
29 . 8
2L 3

41. 2
35 . 0
29 . 4
24 . 8
17.8

70

5
10
15
20
25

84 . 0
7L 0
59 . 9
50 .8
43 . 1

75.7
63 . 8
53 . 9
45 . 7
38 . 8

67.3
56 . 7
47 . 9
40 . 6
34 .5

58 . 9
49.6
41. 9
35 . 5
30 . 2

50 . 5
42 . 6
36 . 0
30.5
25 . 9

42 . 0
35 . 5
30 . 0
25 . 4
21. 6

75

5
10
15
20

84 . 3
71. 3
60.4
51. 3

75 . 9
64.2
54 . 4
46.2

67 . 5
57 . 0
48 . 3
4L 0

59 . 1
49 . 9
42 . 3
35 . 9

50 . 6
42 .7
36 . 2
30 .7

42 . 2
35. 6
30 . 2
25 . 6

40

Relative Humidity of Natural Air

0

0
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Continued
Outside
Temperature
Op,

Relative Humidity of Natural Air

Temperature
Jbise
F,

100%

90%

80%

70%

60%

50%

80

5
10
15

84 . 5
71.6
60 . 8

76.0
64 . 4
54 . 7

67.6
57. 3
48.6

59.2
50 . 1
42.6

50.7
43.0
36. 5

42.2
35.8
30 . 4

85

5
10

84.7
71. 9

76.3
64. 8

67.8
57.5

59.3
50 . 4

50.8
43.2

42 .4
36 . 0

90

5

84 . 9

76 . 4

67.9

59 . 4

51. 0

42 . 5
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ADSORBED MOISTURE 'lN EQUIUBRIUM WITH AIR OF VARIOUS HUMIDITIES
AT ROOM TEMPERATURE*
(Approximately 77° F . )

Relative
humidity
per cent

15

30

45

60

75

90

100

Shelled Corn, YD

6.43

8.39

10.47

12.93

14 . 78

19 . 06

23 . 78

Shelled Corn, WD

6 . 59

8.45

10.38

12.91

14 . 69

18.93

24 . 61

Oa.ts

5.69

8.05

9 . 58

11.82

13 . 8 3

18.47

24 . 07

Rye

6.96

8 . 74

10.49

12.23

14 . 82

20 . 58

26.74

Sorghum

6.45

8 . 59

10.48

11. 99

15 . 25

18 . 82

21. 90

Wheat , soft red
winter

6 . 44

8.60

10 . 52

12.48

14 . 62

19 . 74

25 . 04

6.50

7.55

9.30

13. 15

18 . 8

Soy beans

Moisture content (wet basis) in per cent

Ta k en from Agricultural Engineering Data I, A. E. Index 11. 7 32
"Engineering Data on Grain Storage"
*

The table gives equilibrium moisture for only one temperature , 77

0

F.

Equi-

librium at other temperatures will be different, although the actual degree of variation is not known. With decrease in temperature the equHibrium grain moisture is
higher for a particular relative humidity.
For crops dr'ied during warm weather the table is fairl y accurate .
0

dried during late fall or winter weather, when temperatures are 4 0

For crops

F . or lower ,

relative humidity in the drying air may need to be 10 per cent lower than shown in
the table for any given moisture content.
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GRAIN DRIERS

James F. Kell y.l/
Our subject -- grain drying -- is important because grain is important.

As

bread, as cereals, as meat producer, more people depend on grain for life itself
than any other food .
I am much aware of the fact that you are a group of seedsmen and primarily
interested in drying seed.
driers of various t ypes.

Our company has done considerable work with seed

The discussion toda y , however , will be directed primaril y

toward tower or self-contained grain driers.

The comments are made with the hope

that you will see a correlation between the principles used in commercial grain
drying and those needed for the proper dry ing of seed.

It is our feeling that there

exists a possible trend toward the tower unit for seed applications .
brought about by two main factors:

This move is

(l) in the case of corn , field shelling is be-

coming more and more an accepted practice, (2) there is reas.on to believe tha t
better results can be obtained in a tower drier due to agitation of the material and
the resulting uniform exposure of the grain to the drying air .
Drying is dependent on three factors : (l) air , (2) heat , (3) exposu re time .
It is the proper obligation of a grain drier manufacturer to provide a device that

will combine these factors in the most effective , economi.cal and efficient relationship. Water is a liquid and air is a gas .
bine in their normal state.

The two will , therefore , not com-

The problem in drying is to change the moisture in

combination to a vapor , cause it to migrate to the surface of the kernel , and then
to provide "thirsty air" to carry this moisture away .
ferent drying problems .

Different grains present dif-

For example, wheat and oats are the easiest grains to dry;

corn and milo represent approximately average drying difficulties and soybeans are

.l/Mr. Kelly, President; Aeroglide Corporation , Raleigh , North Carolina; equipment
manufacturers - grain, produce, packaging .
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the most difficult.
Though many different driers are offered the trade today
three basic type classifications.

1

all units fall into

They are illustrated by the diagrams shown be-

low.

0\

\<

+

+

Belt Type Drier

Texas Tower Type Drier

LSU or Inverted "V"
Baffle Type Drier

In the belt type drier

1

the heated air is blown through a wire mesh or per-

forated belt and then through a layer of grain varying in thickness from 6 to 14
inches.

Advantage of this design is that it is adaptable to a portable self-con-

tained unit.
in nature

1

Disadvantage of the design is that the drier is completely mechanical

has no agitation in the material being dried

1

and is limited in capacity.

The Texas tower type drier utilizes screened columns to hold a layer of
grain approximately 6 inches thick.
struction

1

Advantages of this drier are economy of con-

easy standardization of components and low holding capacity enabling

small batches to be dried.

Disadvantage of the design is that the air must pass

through two screens as well as the grain column.

If the screen mesh is fine enough
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to retain the grain

1

it is obvious that the drier will be subject to clogging and will

require frequent cleaning . Another disadvantage is the fact that a separate house
must be provided for weather protection .

In this unit it is obvious that little

if

I

any 1 agitation of the material occurs as it passes downward through the tower.
The L. S. U. type drier is so named because the first documented work on
the drier was done at

Lo~isiana

State University.

As a practical matter , however,

this drier design has been utilized in the United States since about 1900. · Advantages are that the drier utilizes gravity completely; that the housing is also the
grain container and the weather protection; there are no screens involved
air passes through grain only.

I

and the

By the nature and arrangement of the air ducts

I

uniform constant agitation of the product is assured .
The belt type and Texas tower type units are sometimes called non-mixing
driers

1

and the L. S. U. type units are classed as mixing driers.

This , I think , is

an important argument for the L. S . U. type unit since the grain must follow a zigzag path through the drier accompanied by constant agitation and uniform mixing .
USDA studies show that more uniform drying is usually achieved in a mixing type
unit .
Temperature is a most important factor in grain drying and is properly the
subject of much discussion . . Seed 1 we believe 1 should not be subjected to temperatures in excess of 110° F. if the germination is not to be harmed .

The wet

milling industry claims they do not want their corn subjected to temperatures in
excess of 140°.

From repeated tests throughout the cou ntry , it has been con-

clusively shown that the nutritive value of grain is not damaged by artificial drying .. Wheat to be used fcit milling is thought by many cereal chemists to damage
the gluten thereby impairing the milling qualities . . Recent tests conducted in
Kansas and in Canadian experiment stations

1

however, largely refute this theory .

It should be kept constantly in mind that in a properly operated drier , the

temperature of the grain itself lags 50° to 60° behind the temperature of the drying
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air.

Drier manufacturers have done a remarkable job in the area of safety and con-

trol of their process .

Frankly , many operators need more education in the proper

use of the controls that are a standard part of most driers .

The automatic thermo-

stat which regulates the drying air temperature is backed up by limit switches in
both the warm air and exhaust air ducts.

In the event of unusual temperatures ,

both audible and visible alarms alert the operator.

Should a fire exist in the drier

and trip the exhaust duct limit switch , then the interlocking of all controls will
promptly shut off the fire, air , feed conveyors, and reclaim units; thereby , isolating the difficulty in the drier itself.

Power discharges are so driven as to

accurately control the retention time in the drier. Another feature that is of great
importance is the ability to proportion the drying - cooling air ratio depending on
the ambient temperature.
Grain compared with tobacco , cotton or steel on a per pound basis , is a
cheap commodity.

Economics, therefore, demands that large volumes be handled

in order to avoid high unit processing cost.
necessary trend.

Larger grain driers seem to be a

The larger driers are cheaper per bushel of capacity and will

save in labor cost, operating charges and maintenance cost.
As a recapitulation , I would like to emphasize th,e following five
l.

points~

The tower drier (L . S . U. design) has the advantage of better control
over all factors involved in drying , whether se e d or commercial
grains.

2.

The mixing type drier has obvious advantages and for seed applications would apparently be the preferred unit .

3.

Grain drying is not a mystery or a secret process but a basic pro blem to which the basic physical laws apply .

Sales claims not

withstanding, the factors involved are heat , air and exposure time .
4.

Grain driers are safe to operate , though education of the owners in
operating technique is of utmost importance .
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5.

The trend toward larger sizes of grain driers is perhaps good for
the seed industry .

Larger size units will permit realistic seed

output even with low temperature drying aiL

I
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INSECT CONTROL IN GRAIN AND SEED IN STORAGE
R. T. Cotton l /
Grains and seeds in storage are subject to the attack of a group of insects
which have adapted themselves to a diet of dried vegetable matter.

Fortunately ,

the species which cause serioud damage are relatively few in number.
ing are representative of the most dangerous pests of stored

grain~

The follow-

the rice and

granary weevils, the lesser grain borer , the saw-toothed grain beetle

I

the flat

grain beetle , the cadelle , the confused flour beetl e , the red flo u r beetle , the
Indian meal moth and the Angoumois grain moth .

Leguminou s seeds are attacked

by the cowpea weevil , bean weevil and pea weevi L

The rice and granary weevils ,

the lesser grain borer and the Angoumois grain moth bree d within grain and seed
kernels and are the primary pests of stored grain (Se e Figures ).
Damage cau sed by

insects ~

Once g ra in becomes infes ted it loses much of

its value as human food , It is difficu lt or impossible to remove all insect forms
from infested grain by present day modern cleaning methods ,

W hen infested grain

is milled, insect contamination carried over into the milled product may be sufficient to cause its condemnation by the Food and Drug Admini s tration ,

Wheat con-

taining one percent or more of insect-damaged kernels is s u bject to action under the
Federal Food Laws.

Mills have found that wheat with more t han 0. 5 percent of in -

fested kernels is unfit for milling .
In addition to the direct loss by feeding, insects c a u s e other kind of
damage to stored grain .

Many species feed al mos t entire ly on the germ of the

grain so that its viability is reduced .
causes it to heat.
heating portion ,

Th e mere presence of i nsects in grain

In extreme cases the translocation of water vapor from the
to the cooler s u rface grain may cause deteri o ration , rotting ,

]/Mr. Cotton, now retired from the Division of Stored Produ cts I ns e cts , Bureau of
Entomology U , S . Dept, of Agriculture is now living in For t Lau de rdale , Florida.
1
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Life stages of the rice or black weevil in wheat: a, Well-grown larva; b, pupa; c, adult
feeding upon kernel. Note in c the hole in lower portion of kernel made by the adult on
leaving the seed and at two points higher up shallow holes made by the adult in feeding
upon the seed after emergence. The adult rarely measures more than one-eighth of an inch
in length.

life stages of the granary weevil in wheat: a, Well-grown larva; b, pupa; c, adult.
Note hole in kernel made by the adult in order to leave the seed and hole that it is eating into
the kernel for the purpose of laying eggs. The adult is never more than three-sixteenths of
an inch long .

Drawings from USDA Farmers' Bul. 12 60 Stored Grain Pests.
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molding, sprouting and a musty odor.
by off odors or insect damage

I

A lowering of the grade of grain is caused

and the milling quality and milling yield of infested

grain is reduced .
Sources of infestation:

In the Southern states a certain amount of insect

infestation occurs in the field.

A number of the common storage pests are strong

fliers and fly out to the field of maturing grain or seed from sources on farms or
from nearby storages.

Some seeds such as wheat are largely protected from

weevil attack in the field by the glumes or husk which is removed by threshing.
However, they may be infested in the field by the Angoumois grain moth.
may be heavily infested in the field .

Corn

The corn husk when undamaged affords con-

siderable protection from insect infestation , but damage by the earworm and other
agencies cause breaks in this barrier.
Leguminous seeds are invariably infested in the field by Bruchids.

Be-

sides field infestation, infestation in stored grain and seed originates in storage
facilities that have not been properly cleaned or by the migration of insects from
nearby infested stores or accumulations of feed , grain or other infested dry food
product.
Feed requirements of insects:

The insect pests of stored grains and seed

depend on their food supply for their water requirements.
in moisture is unfavorable for their development.
breed in grain with

a moisture

Seed or grain that is low

The true grain weevils cannot

content less than 9 percent, and their breeding is

restricted in grain unless the moisture content is above 11 percent.

The bran

beetles , of which the saw-toothed grain beetle and red flour beetle are typical , do
not breed in clean grain or seed unless the moisture content is 11 percent or above
or the temperature is above 80° F.

I

If the seed contains floury du.s t or broken ker-

nels, the beetles can breed in it regardless of the moisture content.
Temperature requirements : Temperatures above 95° F . are not favorable for
the development of most seed-infesting insects .

Temperatures below 7 00 F . greatly
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The lesser grain borer in and on wheat kernels: a, The well-grown larva; b, the pupa;
c, two adult weevils. Adult borer is about one-eighth of an inch long.

Angoumois Grain Moth (larva)

Angoumois Grain Moth (adult)

Top drawing from USDA Farmers' Bul. 1260 Stored Grain Pests.
Bottom drawing from Bul. 3 89 North Carolina Experiment Station.
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retard their development.
beetles

1

A tempera ture of 65° prevents reproduction of the flour

and 60° is approximately the lowest temperature at w hich the rice and

granary weevils reproduce.
between 40° and 50° F.
Preventive

1

Grain mites are more hardy and can breed in seed kept

bu t only when seed moistu re is above 12 percent.

measures ~

Early harvest of grain and seed is desirable to pre-

vent field infestation .
Grain and seed should not be placed in storage unless it is dry enough
for safe storage.
Drying and cleaning shoul d be practiced when necessary to put seed in
good condition for storage.
Grain or seed that is dry (12 percent or less) and clean will store best.
Farm stored

grain~

Store grain on the farm in weather-tight , rodent-proof,

bins, preferably of steel; spray walls and floors of bins and adjacent woodwork of
farm buildings with a residual type spray at least 2 weeks before they are used to
store grain.

Clean up and dispose of litter, waste grain , and feed that has accu-

mulated in and around farm buildings.

Fu migate grain within 2 to 4 weeks after

placing small grains or shelled corn in storage and if desirable treat with a protective dust or spray .
Seed storage
l.

warehouse~

Clean up warehouse inside and outside before storing seeds.

Burn

or remove all refuse .
2. Apply a DDT or Malathion residu al spray after clean-up and before
seeds are stored.
3. Apply a Malathion protective treatment to the seeds as they go into
storage.

This is to eliminate any low level of insect infestation

present , and prevent the build·-up of insect infestations .
4.

Apply a Mala thion s urface stack spray on a routine schedule to pre vent build-up of insect infes tation s .
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5 . Appl y synergized pyrethrum space spray if desired, to supplement
surface spray against moths .

This can be applied routinely or as

needed .
Residual sprays: · Spray floors, walls, beams and ceiling of the interior of
the empty warehouse .

Spray outside walls up to the height of 6 or 8 feet.

Spray

ground to a distance of about 6 feet from the building where possible .
Use a 2. 5 percent DDT emulsion spray, or a 3 percent Malathion emulsion
spray . Apply at the rate of 2 1/2 gallons per 1 , 000 square feet
point of run -off.

Use a power

sprayer ~

used in place of the emulsion .

I

or just before the

If preferred, a wettable powder can be

The above sprays can be obtained by mixing 2 1/2

gallons of water, 1 quart of 25 percent DDT emulsifiable emulsion concentrate or 1
pound of 50 percent DDT wettable powder; or 1 pint of 57 percent Malathion emulsifiable concentrate or 2 1/2 pounds of 25 percent Malathion wettable powder.

Use

only premium grade Malathion .
Residual sprays for farm
grain intended for human food

1

bins ~

For the treatment of empty bins for storing

the Malathion sprays recommended for use in seed

warehouses can be used or sprays containing 2 . 5 percent Methoxychlor or 0 . 5 percent of pyrethrins .

These latter insecticides should be obtained in the form of a

wettable powder or emulsifiable concentrate and mixed with water according to the
directions on the labels. Apply the finished sprays at the rate of 2 gallons per
1 , 000 square feet.

Use a garden sprayer or a power sprayer as needed.

Protective sprays for stacks of seed: · For spraying stacks of bagged seed
use a 1 percent Malathion wettable powder spray at the rate of 2 gallons per 1 , 000
square feet.

This concentration can be obtained by mixing 10 oz . of 25 percent

Malathion (premium grade) wettable powder in 2 gallons of water.
in 2 weeks and monthly thereafter while seeds are in storage .

Repeat treatment

Use power equip-

ment. A piston pump is necessary for applying wettable powder sprays because the
inert ingredients cause a gear pump to wear out rapidly .
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Space sprays for mechanical generators:

Pyrethrins 0. 5 %, piperonyl

butoxide 5.0 %, tetrachloroethylene 50.0% and deodorized kerosene 44.5 %. Apply at rate of 1 pint per 10,000 cubic feet of space above the load, or 2 gallons to
an average warehouse 100 x 100 with 15 to 20 feet above the load.
Space sprays for thermal type generators: · Pyrethrins 0. 2 %, piperonyl
butoxide 2. 0 %, tetrachloroethylene 50.0% and deodorized kerosene 47.8 %.

Ap-

ply at the rate of 2 1/2 pints per 10,000 cubic feet of space above the load or 5
gallons in an average warehouse 100
the load.

x

100 feet with 15 or 20 feet of space above

Several such sprays are available commercially.

Use them as directed

on the labels.
· Fumigation: Fumigation is a rapid method of destroying insect life in
stored grain or seed.

Fumigation of grains and seed on the farm where infestations

originate is important, but it is no less important to fumigate them in the elevator
. or warehouse after they leave the farm.
Fumigants are chemicals which in their vapor phase are poisonous to insect and animal life that are exposed to them.
There are 3 types of

fumi~ants;

gaseous, liquid, an<;i solid.

gants are these which are in the gas phase at normal temperatures.
Methyl bromide and hydrocyanic acid.

Gaseous fumiExamples are

Liquid fumigants are those which are nor-

mally liquids , but, which vaporize rapidly when exposed to the air.

Examples are

carbon disulfide, carbon tetrachloride, ethylene dichloride, ethylene dibromide,
chloropicrin, propylene dichloride, acrylonitrile, and numerous combinations of
these chemicals.

Solid fumigants are those which are normally in the solid state,

but, which give off toxic gases when exposed to the moisture of the atmosphere.
Examples are calcium cyanide (Cyanogas) and hydrogen phosphide (Phostoxin).
Fumigation methods: Gaseous type fumigants can be applied by forcing
them under pressure into warehouse spaces or under tarpaulins.

They are also

well adapted for fumigating grain in bins, flat warehouse storages, or railroad
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boxcars by the recirculation or forced distribution method.
quires the use of an aeration system .

This latter method re-

The fumigant is introduced into the aeration

system and may be either pushed or pulled through the grain as desired .

In general,

the system consists of a floor duct or ducts , or a series of perforated lateral ducts
radiating from a central floor duct, connected with a blower or blowers capable of
forcing the fumigant through the grain with an airflow rate of approximately 0 . 1 cfm
per bushel per minute, and a return duct or ducts from the blower to the overs pace
above the grain.

The return duct can be located within the bin or warehouse or

other structure, or on the outside .
Liquid types may be applied either by the gravity penetration method or by
forced distribution.

By gravity the liquid is applied to the surface grain as a

coarse spray and the vapors allowed to sink by gravity down through the grain mass.
By the forced distribution method the liquid is applied to the surface grain and the
vapors pulled rapidly through the grain by means of an aeration system .
Solid fumigants such as calcium cyanide (Cyanogas) are applied by means
of an automatic applicator to the grain stream as it enters the bin.
chiefly for use in grain elevators.

It is adapted

Hydrogen phosphide (Phostoxin), one of the

newer fumigants, is applied manually to the grain stream as it enters the bin .

In

flat storages it may be introduced into the grain mass by the u se of probes .
All fumigants are toxic to the operator who uses them as well as to insects.
They should only be used by operators trained in their application and equ ipped
with properly designed gas masks equipped with canisters designed to protect
against the fumigant being used.
Effect of fumigants on seed : Many fumigants affect the viability of seed ,
particularly if dosages are excessive , seed moisture high , temperature high and
exposure period long .

To avoid damage and loss of viability du e to fumigation ,

seed should be fumigated only if the moisture content is below 12 percent, preferably below 10 percent; seed should be in bags to facilitate aeration; exposures
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should not exceed 24 hours , preferably 12 hours or less; fumigation temperatures
should not be over 85° F .
Standard mixtures of carbon disulfide and carbon tetrachloride , or ethylene dichloride and carbon tetrachloride are considered safe to use at dosages up
to 6 gallons per 1 I 000 bushels

a

Also the above mixtures to which 5 percent ethy-

lene dibromide is added . Acrylonitrile , chloropicrin , and ethylene dibromide have
been reported by Richardson to be detrimental to germination .
For space fumigation hydrocyanic acid can be used at the rate of one
pound per 1, 000 cubic feet of space without fear of damage to germination .
Dosages of fumigants which have been used successfully for different
grains when fumigated under different types of storage conditions and at different
temperatures are available and can be obtained by addressing the Stored Product
Branch, U.S . D . A. , PlantindustryStation u Beltsville , Maryland .

Leaflets are

also obtainable from the same source on the subjects of Protecting Stored Seed
from insect attack and Suggestions for Insect Control in Seed Warehouses .
After fumigating grain or seed which is to be stored for any length of time ,
a surface treatment with a protective spray or du st should be applied as insurance
against moth attack .
Protective treatments for grain or

seed ~

As a preventive meas u re , the use

of a grain protectant is often of great importance . A g rain protectant is any substance that is mixed with grain to prevent the attack and subsequ ent infestation of
stored grain insects . Whereas fumigants act quickly and effectively they do not
offer any long time protection against insects . A good protectant wi ll remain effective for months .
A protectant is applied to grain or seed as a dust or spray .

Grain dealers

prefer a spray since it is cleaner and does not add to the amount of du st normally
present in grain .
Dusts or sprays can be applied to grain as it is being loaded into the
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storage bin from trucks

1

or as it is being moved by augers from one bin to another .

They may also be applied in the combine hopper , so that by the time the grain is
placed in storage the protectant and grain are thoroughly mixed .

Uniformity of ap-

plication and distribution is desirable .
At the present time the number of protectants approved for use by the Food
and Drug Administration are limited to

(1) a mixture of pyrethrins and piperonyl

bu toxide and (2) Malathion.
Pyrethrin formulations:

For wheat or other small grains likely to be down-

graded if inorganic dust carriers are used, a dust with a powdered wheat base containing l. 1 % piperonyl butoxide and 0. 08 % pyrethrins should be used at a dosage
of 7 5 pounds per 1 000 bushels.
1

For feed grains to be used on the farm or for seeds

a dust with a talc base containing 10 . % piperonyl butoxide and 0 . 06 % pyrethrins
can be used at the rate of 100 pounds per 1, 000 bushels.

For use on seed grains

where there is a possibility that the treated seed may be used in preparing feeds
or in mi lling for foods a pyrethrum slurry formulation is available .

It is prepared

as a wettable powder consisting of 0. 7 5 % pyrethrins and 10 . 0 % piperonyl butoxide on an inert inorganic carrier . . It is applied at the rate of 1 pound per 100
bu shels of seed or 4 . 5 grams per bushel using any standard slurry type treater.
When used alone the same amount of water should be employed as when making an
application in which a fungicide is included . It has been s u ccessfully used with
virtually all the common fungicides
Phygon and Orthocide 406 .

1

including Arasan, Spergon , Thiram , Ceres an ,

It is not recommended for treating small garden type

seeds .
Two types of synergized pyrethrum spray formulations are available com mercially .

One is in the form of an emulsifiable concentrate to be diluted with

water; the other contains a solvent as a carrier and comes ready prepared .

Both

types contain pyrethrins and piperonyl butoxide in the ratio of 1 to 10 .
Recommended dosages are 2 gallons of the solvent base spray per 1 , 000
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bushels and from 4 to 5 gallons of the water base spray.
tection will last for one season .

At these dosages pro-

The U. S. Food and Drug Administration has set

a tolerance of 3 ppm for pyrethrins on grain and 20 ppm of piperonyl butoxide.
Malathion:

The U. S . Food and Drug Administration has set a tolerance of

8 ppm of Malathion in stored grain, wheat , barley, oats , rye and sorghum.

The

U.S. D. A. has approved registration at one pint of the 57 %premium grade
Malathion emulsifiable concentrate in 2 to 5 gallons of water per l, 000 bushels of
grain or as a 1 % premium grade dust at 6 0 pounds per 1 000 bushels .
1

ment is considerably more effective in dry than in damp grain .

The treat-

Do not treat grain

with a moisture content above 13 %.
For seed treatment a dosage of approximately 4 pints of 57 % premium
grade emulsifiable concentrate per 100,000 pounds of seed should give good protection.

The manufacturers recommend that for field and garden seed 1/2 pint in

1 - 2 1/2 gallons of water per 500 bushels of seed be used or 30 pounds of
Malathion premium grade wheat flour dust per 500 bu shels ,
Other materials : In the treatment of seed , where surplus stocks will not
be used as food or feed, poisonous dusts can be used.

Three percent DDT in an

inert dust carrier such as pyrophyllite can be used to treat seed at the rate of
1/2 oz. per bushel.
lon of water.

As a slurry add 2 oz . of 50% DDT we t tabl e powder to 1 gal-

This amount is s u fficient to treat 30 bushels of seed .

Surface treatments against the Indian meal

moth ~

As a surface treatment

to protect grain or seed in storage against invasions of the Ir,dian meal moth or
other moths apply (l) premium grade Malathion 57 % emu lsifiable concentrate to
the surface of clean

1

uninfested grain or seed at the rate of 1/ 2 pint in l to 2

gallons of water per l 000 square feet o r surface grain or (2) Malathion l % pre1

mium grade wheat flour dust at the rate of 30 pounds per l , 00 0 squ are feet

I

or

(3) Pyrethrins 0. 3 % by weight , synergist 3 . 0 % by weight and deodorized kerosene
96. 7 % applied at the rate of 1 pint per 1 , 000 sq. ft. , or (4 ) for shelled corn spray
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surface with unsulfonated

I

techanically white or refined mineral oil 100 to 200

seconds viscosity (Saybolt 100° F.)

I

free of objectionable odors at the rate of 2

quarts per 100 square feet of surface grain .
Insecticidal residues: In the control of insect infestations in grain chemicals are used which leave residues.

The provisions of the Miller Amendment to

the Food, Drug and Cosmetic Act stipulate that the residue of any pesticide remaining in or on raw agricultural products as a result of using such pesticide in
the production or preservation of the product must not exceed tolerances established under the Act.

All grains and seeds'.are classed as raw agricultural products.

Many of the common grain fumigants such as carbon disulfide
rachloride

1

ethylene dichloride

1

1

carbon tet-

chloropicrin and hydrogen phosphide (phostoxin)

are exempt from the need of a tolerance

I

since their residues disappear rapidly or

do not remain in amounts sufficient to be hazardous.
Tolerances of 25 ppm of hydrocyanic acid and 50 ppm of inorganic bromide
have been established for grain.

Residues of hydrocyanic in grain

fumigation with either calcium cyanide (Cyanogas) or liquid HCN

I

I

resulting from

are transitory

so that repeated fumigations do not normally create a problem.
Residues of inorganic bromide will result from fumigation with methyl bromide or liquid fumigants containing ethylene dibromide .
cannot be removed by aeration .
of inorganic bromide accumulate.

This residue is fixed and

Each time grain is fumigated
~ere

1

additional residue

the history of previous treatments of raw

grains is unknown the user would do well to have the inorganic bromide content
determined before giving an addi tiona! fumigation.
Residues resulting from the treatment of grain with chemically inert or
chemically active dusts or sprays may also be objectionable although tolerances
have been established for certain materials .

Chemically inert dusts

may not be poisonous cause grain to be down-graded.
1

I

although they

Dusts or sprays containing

pyrethrins and piperonyl butoxide may be safely used to treat grain if pyrethrin

137
residues do not exceed 3 ppm and piperonyl butoxide residues do not exceed 8
ppm.
Seeds which are treated with poisonous dusts such as DDT or methoxychlor
must not be used for human or animal food.
Methoxychlor residues resulting from the spraying of empty bins must not
exceed 2 ppm.
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PACKAGING
Neil J, Haggerty , Jro 1./
The seed industry is in the midst of a packaging revolu tion.

Many new

types of containers are now being experimented with by your indus try, and the
promise of these new packages to your customers i s amazing.
Recently

I received a letter from an agronomist in one of the s outhern

I

agricultural colleges appealing to the packaging industry to a ssist them in determining the best means to package and store seeds to prevent, o r at least
minimize their loss of germination .
I would like to quote from this letter in order to emphasize the gravity of
this germination problem throughout the world .

11

There is a ve ry pressing and

immediate need to come up with a better means of packaging seed fo r domestic and
overseas shipments than those means presently in use.

The International Coopera-

tive Administration (ICA) annually buy s from the U, S . large quantities of seed for
shipment overseas to underdeveloped countries throughout the world.

Although

these seeds are of good quality when they l eave this country , they are frequ ently
deteriorated to the point of being non -u sable for seed purposes upon a rrival at
their destination 11

•

You gentlemen have probably encountered s i milar experiences with your
seed shipments both domestically and for export. W hut cause s the deterioration
and loss of germination power in the seeds? W hat ca n w e do to control or prevent this drop in reproduction powers?
Thanks to our university research people , such as Dro Te May Ching, of
Oregon State; Luther Jones, and Jim Harrington of the University of California at
Davis

I

we have some idea of what causes these problems and w e can now take

1/Mr. Haggerty is Supervisor of Specialty Produ cts , Multiwall Bag Sale s Division
Crown Zellerbach Corpora tion , San Francisco, California.

1
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action to control and minimize them .
These and other research people have devoted many years to learning how
to store seed safely and economically.

This information has gradually accumula-

ted, and now we have a better understanding of the factors which govern the
storage life of seed.
First is the nature of the seed itself.

Each species has a different span of

seed life.
The second big factor is moisture .

High seed moisture and high relative

humidity in storage facilities are detrimental to seed quality and germination but
beneficial to growth of micro-organisms and insects.
A third factor is storage temperature.

This is somewhat less important

than moisture conditions.
A fourth factor is the length of storage .

The longer the storage period, the

lower the initial moisture content should be.
We can reduce these detrimental effects and in many cases eliminate them
completely by drying the seed and maintaining this condition through the use of
moistureproof containers and by controlling the temperature wheneve r possible.
I would like to discuss a few of the new containers and t h e protection they
offer the seed in storage and transit.

There are many types of shipping units that

will transport your seed satisfactorily , but we are concerned with those that not
only will carry your seed, but more important , protect t h eir germination power and
viability.
When designing a package to protect the germination power of your seed ,
it is important that it be tailor-made to fit (1) the type of seed (2) the cost of the
seed {3) the effect of moisture upon the seed (4) the moisture content when
packaged (5) the storage conditions (6 ) the length of storage and (7 ) the final
destination .
When these facts are known - and only then -will your package supplier
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be able to develop the correct package to fit you r individual problems and a pplica tions .
What type of container will you need to handl e your seed

~ a

carrying u nit ,

a moisture resistant unit , or a highly moistu re resistant package?
First, let us discuss the various highly moisture resistant containers that
are available:
1.

metal can.

Cans ~

The most efficient container for long stora ge available is t h e

It is expensive and usually confined to smaller u nits of vegetable and

flower seeds .
2.

Foil

bags ~

A new, efficient , and inexpensive conta i ne r that is being

developed to compete with cans.

It is constructed from a 6 0# bl e a ched kraft paper

laminated to aluminum foil coated with polyethylene . It is flexible , easy to
handle, and can be attractively printed .

The foil bag has proven most efficient

for the handling of hygroscopic p roducts such as powde red milk and potatoes when
any gain of moisture wou ld be detrimental to the materia l. A moistu re resista nt
closure is obtained by heat sealing the top on high speed e quipmento As a seed
container, it is still in its development stage and is being te s ted by Dr . Harrington
under tropical , desert, and frigid conditions against t he more expensiv e c ans .
3.

Corrugated

cartons ~

The c orrugated c a rto n is a nother d e vel opment in

better handling , shippi ng , and merchandising of s e e d .

Thi s premiu m price d

package was first u sed extensive ly last year to handle 10# , 25# , and 50# u nits
of seed in California and the midwest.
altered the

11

Thi s new approach to s eed pa ckaging ha s

status quo 11 in handling s hipments of s eed .

Ju st how ext e nsive ly

corrugated will be adopted is hard to determine bu t i t does have certain a dvantage s
in eye appeal , stackability , and it is helpful in ma rketing se e d in retail o u tlets .
Most of the corrugated cartons in u s e today are not moisture-proof bu t this
can easily be remedied through the u se of a polyethyl ene free film liner .

The

moisture resistance of the poly liner will increa s e in direct proportion to the
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thickness of the film.
4.

Ten-mil polyethylene bag: The heavyweight polyethylene film industry

is still in its infancy and many problems have yet to be solved before this container becomes economically practical.

In its present state it deteriorates when

placed in sunlight, requires special heat sealing equipment to close, and is difficult to extract the air left in the bag after filling.
It presents great future promise as a seed container.

Each month new

moisture resistant, less costly, and stronger films are being developed in packaging laboratories in the United States.
Polyethylene makes an excellent printing surface, has a very low moisture
vapor transmission rate and equipment is being developed that will make it possible to fill and seal polyethylene bags at speeds comparable to paper or textile.
5.

The foil laminated multiwall: This bag is constructed of four plies of

multiwall kraft with an inner ply laminated with poly/ foil/ poly to provide you with
the lowest vapor - transmission rate available in the bulk bag .

Tests under tropical

conditions indicate this construction is one of the best available in bags for maintaining the germination of seed in 25# , 50#, and 100# units for domestic and export shipment.

The laminated foil multiwall can be handled on your conventional

filling equipment.

A heat seal closure is provided at the top with a heat seal tape

machine which operates in conjunction with your sewing head .
filled , sewn

1

This bag can be

and heat seal tape can be applied in your plant with speeds up to

fifteen bags per minute

1

or 900 bags per hour , if your scales are equipped to effi-

ciently weigh at these speeds .
6.

Multi wall-Polyethylene combinations : This container has proven one

of the most effective and economical moisture barriers available that can readily
be adapted to your present packaging operation .

It is usually constructed of four

plies of natural kraft paper with 9- three mil polyethylene liner placed inside the
multiwall bag .

The poly liner is tied or heat sealed , tucked in , and the paper plies
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are sewn across the top with your standard sewing machines .

Tests have shown

that paper and free film combinations are more efficient and less expensive than
the heavy , ten mil polyethylene bag.

The paper plies as well as the dead air

space between them , helps to reduce the diffusion pressure exerted by moisture
vapor from penetrating the polyethylene liner and rea ching your seed .

This con -

tainer provides an excellent printing surface 1 is strong , has c u stomer acceptance ,
and can be filled and closed on your conventional equ ipment

1

and is ideal for

exporting seed .
7.

Sewn valve sleeve : This container is filled through the valv e opening

in one corner and incorpora tes a paper sleeve for closing .

When filled , the

sleeve can be quickly heat sealed or merely tucked in to provide a moisture tight
and siftproof closure.

Through the use of asphalt or polyethylene laminated paper

inner plies , heat sealing the poly coated sleeve and applying poly coated tape
over sewing on both ends, we have a highly moisture resistant package .

By

allowing your supplier to sew and heat seal both ends of the bag in his plant , it
increases their strength and you eliminate the necessity of the seed processor ' s
having to invest in sewing and heat sealing equipment for his plant.

This con-

tainer is u sed in conjunction with a valve packer machine that fills you r bags
and automatically shuts off at the weight selected with an over or under accuracy
of one to two ounces. With this machine , it is possible for one man to fill up to
270 bags per hou r on a single spout or over 450 bags on a double spout.
This labor saving , automatic filling and accurate weighing piece of equip ment warrants your close scrutiny .
Carrying units: Our next major group of contai ners can be classified as
carrying units .

The metal or corrugated ·bulk bin , the corruga'ted carton

cotton, rayon , or paper bags fall in this category .

1

bu rlap ,

These containers do not have

the moisture protection offered by the other two major groups previously mentioned .
In many cases where the seed is hearty and dry

1

and shipped into dry areas for
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short storage, a burlap, cotton, rayon, or plain multi wall construction will be sufficient.

Textile containers have the greatest strength, but seed in them is more

susceptible to temperature change and moisture variation than in your paper constructions.
Moisture resistant containers: Tests indicate that many of the low priced,
less moisture sensitive seeds can efficiently be handled in a moisture resistant
container that protects germination power.

Because of its low initial cost and

merchandising appeal, this container should have wide acceptance in the handling
of grass, field, and other low priced seeds ,
Another group of popular moisture resistant containers is the cotton, rayon,
or burlap bag laminated with polyethylene, asphalt, or with a separate free film
poly liner.

Although somewhat more expensive, they have excellent strength

characteristics but when used alone do not have as high moisture resistant properties as the sewn valve or sewn open mouth multiwall bags.

The sewn valve or

sewn open mouth style bags would utilize an asphalt or poly coated paper barrier
sheet (as the moisture-proof container mentioned before) but would not have the
heat sealed valve or ends.
Our latest tests show that a 10# , (3/4 mil) poly coating on paper is more
efficient than two sheets of 7 5# asphalt laminated paper as a moisture barrier.

In

addition, the polyethylene coating adds strength to your package and does not gum
up your sewing machines. When using the sewn valve style bag, we merely tuck
in the sleeve for a siftproof and moisture resistant closure .
In addition to the increased protection provided your seeds by these moisture resistant containers , they are also safe, protecting you and your customers
when handling poison treated seeds.
There has been a recent trend by seed processors to print much of the seed
identification information, warranties, and poison labels on the outside of their
containers, eliminating the problem and expense of tags.
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It is important that we u se the right container for the right job.

ingly, the most popular shipping sacks are not the most economical.

SurprisYou will be

pleased to know that the packaging industry can supply you with a moisture res istant

I

colorfully printed paper bag at prices quite competitive with burlap

I

and

considerably below the cost of your present cotton and rayon.
We of the packaging industry are ready and anxious to assist you to meet
and solve your shipping problems . We have worked with Oregon State College
the University of California
field tests

I

1

and with Mississippi State University

normal storage tests

I

1

I

assisting in

and laboratory tests to develop these new con-

tainers to more efficiently and economically protect the germination power of your
seeds .
When developing and designing these new containers
sciou s of your p resent investment in packaging equipment.

we are very con-

1

We are equipped and

trained to h elp you adapt these new packages if at all possible to your present
filling

I

sewing , and handling equipment.
No one can be expected to utilize these new packages without help ,

Trained engineers and technical people are available to assist you in modifying
you r equipment and to train your employees to handle these new shipping containers .

From past experience in other fields we have learned that these bags can

be filled

1

sewn

1

and handled faster than your conventional container , thus reduc-

ing your labor and packaging costs .

They can be of tremendous assistance to your

sales depa rtment in merchandising you r product by telling your quality story .
During your last few years

1

like many other industries

has been plagu ed with the problem of diminishing profits .

1

the seed business

We believe a 20% to

50% savings in new conta iner costs , as well as you r labor savings
prove your profit picture.

I

can help im-

This packaging revolution has been a step in the right

direction by the seed indu stry and its momentum will be felt during 1960 .
search by the seed processors

1

The re-

universities , and the packaging industry has de -

veloped these new containers to help you provide your customers with stronger seed.
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ARE YO U PL.l\NTING GOOD SEED?
Gerald E . Wolfe..V
Mr. Farmer, do you always know what you are buying w hen you buy your
seed? Many people do not.
formation.

The seed tag on a bag of se e d contains important in-

It actually tells you the quality of the seed you buy .

The i nformation

which should be of concern to the farmer is the kind and variety , p ercent w ee d
seed and noxious weed seed, percent pure seed, percent ine rt matter , date of
last germination test , percent germination and percent hard s eed.

All of these

factors play a major part in determining seed quality .
First, you should have the assurance that you get t he kin d and variety of
seed you desire.

Many varieties of seed look alike .

In many cases , it takes an

experienced seed analyst to tell the difference between them.

If you purchase

seed from your neighbor , he may have fo rgotten or ma y not k now the vari ety of his
seed.

He may unintentionally sell you fescue fo r ryegras s .

You should always

be positive of the name and variety of seed before y ou plant.
Second, you should alwa y s notice the percent we e d seed and no xiou s weed
seed present in the seed.

This is one of t he most importa nt factors to consider be -

fore buying seed , but probably considered lea st by some farmers .

Do you o ften

wonder why you have so many weeds each year after you have tried to c arry ou t a
good weed control program during the growing season? It is us ually sa id tha t your
neighbor ' s weed seeds are blown in or was he d in during excessive rains ,

Thi s

1/Mr. Wolfe is the latest recipient of the r ecently initiated Noble Pace Award .
This award , established by t he Miss i ss ippi See dsme n 's Association in honor
of Noble Pace , past president of the Southe rn and Mississippi Seeds men ' s
Associations, is given each yea r to the Seed Technology student submitting the
best essay on a subject of interest to seedsmen .
Mr. Pace , while a member of the Mississippi Seedsmen's Ass o c iation ,
was a prime factor in the establishment and support o f the Seed Technology
Laboratory . Mississippi State U nive r sity is proud to recog nize and coopera te
with the Mississippi Seedsmen ' s Association in the selection of Mr. Wolfe
for this award.
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may be partly true

1

but you also may be planting many of them.

Many of our weed

problems cou ld be controlled by planting seed which contain a minimum number of
weed seeds and especially noxious weed seeds.
dered by law as extremely hard to eradicate .
nated with noxiou s weeds

1

Noxious weeds are those consi-

Some fields have been so contami-

especially wild onions , that production of small grains

and forage grasses have been eliminated .
Some farmers believe that cleaning home-grown seed is not important,
If you can remove weed seed , I believe that it is important.
losses result each year because of 'lt'.eeds .
for moisture , nutrients

1

and s u nlight.

Great economic

Weeds offer competition with the p la nts

The degree of competition depends upon the

type and nu mbe r of weeds . If a few more precautions were taken in selecting planting seed , the financial gain would be surprising .
Third , t he percent pure seed should always be considered .

Have you

ever planted oats and have a stand of oats and vetch? The analysis tag may tell
If two crops are p la nted together, you will not only have problems during

you why.

the growing season , but at harvest time as well.
Fourth , you s ho u ld notice the percent inert matter in the seed. Inert
ma tter is anything in the bag tha t is not seed . . This includes dirt , insects , broken
seed , e t c .

I nert ma terials will not make a crop but they have weight .

If you are

bu ying expensive seed by the pound , I am sure that you want a full pound of seed .
I nert matter is mo st prevalent in combine run seed .
Fifth , t he date of the last germination test should be considered before
buying se e d . A seedsman is required by law to have a germination test taken and
the la be l mu s t t ell the month and the year in which the germination test was completed .

No more t han 5 mont hs may elapse between the last day of the month in

which t he test w a s completed and the date of transportation or delivery in interstate commerce .

The s e tests are for the protection of the seedsman and the seed

pu rchase r by ins u ring high-germinating seeds .
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Finally , probably the most important factor to consider before buying or
planting your seed is the percent germination and percent hard seed . . All seeds
that look good may not necessarily be viable because of mechanical injury ., injury
during storage, or insect damage.

Hun,dreds of dollars are lost each year by

farmers who plant low germinating seeds.

The main reason is that losses from

poor seeds are not obvious since you can not watch them germinating .
a poor stand is blamed on the weather , insects , or disease.

Usually

1

This may be partly

true , but not always.
Today , and more so in the future, complete mechanization in farming is
necessary to reduce the cost of production.

To stay in business, and farming

1oday is becoming a very complex business; we must reduce our expenses.
is a challenge not only to you , but the seedsman as well.

This

Your seedsman is meet-

ing this challenge by developing high germinating seeds that will give you a stand
when you plant to a stand . . What better way is there to economize than to plant
seeds of high germinative ability which will produce healthy vigorous seedlings
with one planting?
Does your home-grown seed germinate well? They should germinate
around 90 percent in some crops.

The best way to find out about your seed is to

send them to a seed lab for a purity test.

The few minutes spent can mean money

in your pocketbook ,
Do you notice tall or irregular plants in your field 1 or some off-color ed
seeds? If you do, it is time to buy new seed.

It is best to start with new seed

every two years unless you take special precautions to prevent seed mixtures ,
weed seed contamination , and low germinations.
I have tried to point out steps that should be considered before you plant
in order to get a good stand of vigorous seedlings at the lowest cost.

Even though

you might know the latest methods of weed control , apply the exact amount and
kind of fertilizer, what does it avail if you do not get a stand? Always remember
the Biblical phrase ,

11

Whatever a man sows, that also will he reap.

11
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SEED QUALITY
William P. Caldwelll/
The American public today is becoming more and more quality conscious in
their buying habits.

The farmer is no exception.

He demands and gets quality

when he purchases tractors, grain drills, television sets, automobiles and breakfast cereals.

He also wants his planting seeds to be of good quality.

Today's farmer cannot afford to plant poor quality seed.
ing cost of land preparation

1

harvesting

1

weed

1

With the increas-

insect and disease control, it is

imperative that the seed which he plants be of high quality in order for him to
realize a maximum profit on his investment. Actually, the cost of the seed is a
minor part of the total cost of producing a crop.

However, the quality of the seed

planted plays a major part in determining the profits made from his farming operation .

For these reasons, the farmer wants and must have high quality seeds to

plant in his fields.
When we speak of high quality seed just what are we talking about? How
\

do we determine the quality of a lot of seed?
One of the first considerations of quality is germination . A seed must be
capable of germination or it is valueless for use in seeding.

The ability of a seed

to grow or germinate can be measured by means of the standard germination test.
A set of conditions have been developed , which are as nearly optimum for germination as possible, for practically all the kinds of seed moving in commerce.
These conditions are the ones under which seeds are germinated in the standard
germination tests .

This test, then, will give the maximum germination potential of

which a seed lot is capable.

This is the germination percentage which appears on

the seed tag.

1/Mr. Caldwell is Assistant Agronomist, Seed Technology Laboratory, Mississippi
Agricultural Experiment Station, State College, Mississippi.

152
The standard germination test will tell the maximum germination potential
of a seed lot when planted under optimum conditions .

However , seeds when

planted in the field, very seldom find perfect germinative conditions .

The tem-

perature may be too high or too low, moisture may be excessive or deficient and
disease organisms may be present in the soil which will attack the seed or young
seedling.

Although two seed lots may perform equally well in the standard germi-

nation test , when planted under less than perfect conditions in the field one may
emerge much better than the other.

This difference in ability to germinate under

stress or less than optimum conditions is termed vigor.
We might think of germination under standard germination conditions, or
viability as it is called, as telling whether seeds are alive or dead , while vigor is
a rating of the degree of "aliveness" of seeds.
Considerable research is presently being done toward the development of
laboratory tests to measure vigor of seeds.
has been used extensively .

Thus far, however, only one such test

The cold test for corn is conducted in wet, cold soil

which simulates field conditions that are sometimes encountered when corn is
planted early in the spring . . The corn cold test is able to measure differences in
vigo r among seed lots.

It has proven useful to seeds men in detecting lots of corn

which are apt to fail when planted under unfavorable field conditions, and in evaluating

fung~cide

effectiveness.

By use of this test, the seeds man is able to measure

vigor in his quality control program and thus give greater assurance to his customer
that his seeds will produce a good stand under a varied set of germinative condi tions .
Another factor affecting quality is the mechanical purity of the seed lot.
By mechanical purity , we mean the percentages of pure seed, inert matter, weed
seeds and other crop seeds present in the seed lot.

A high quality seed lot would

have a high percentage of pure seed and low percentages of inert matter , weed
seeds and other crop seeds.

This information is determined by the seed analyst's
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Standard germination tests in the laboratory determine the ability of the seed to
germinate and to produce normal seedlings.

The purity analysis is an ir:1portant test in ascertaining seed quality. This
analysis shows the amount of pure seed, inert material, other crop seed, and
weeds pres ent in a seed lot .
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purity examination and is required to appear on the seed tag.
A high quality seed lot will be free of noxious weed seeds.

The purchaser

of seeds does not want to infest his fields with hard to control noxious weeds
when he plants his crop .

The number of noxious weed seeds which may be present

in a seed lot offered for sale are regulated by the various State and Federal seed
laws .

The kind and number of noxious weed seeds present in a seed lot are re-

quired to be indicated on the seed tag .

The noxious weed seed examination which

is performed by seed analysts will give a measure of this information .
There are many plant diseases which may be carried on or in the seed .
High quality seed

I

of course

1

would be free from seed borne diseases.

Seeds may

be examined fo r the presence or absence of diseases by means of certain pathological techniques .

These are rather involved

1

however

1

and generally are not done.

The seedsman depends upon field inspection of the growing seed crop and proper
seed t reatment to insure freedom from seed borne diseases .
Care should be taken to insure that seeds are not damaged mechanically
during the harvesting and processing procedures.

Seeds which have broken seed-

coats tend to deteriorate more rapidl y in vigor and viability and are more susceptible to disease organisms than are seeds with intact seedcoats .

Certain d y eing

procedu res , including the Fast Green technique , have been developed to help ascertain whether mechanical damage to the seedcoat has occurred.
Seeds should be free of insect infestation and damage .
ment of the seeds with insecticides

1

Fumigation , treat-

or storage of seeds at moisture levels below

8 % and/ or temperature below 50° F . will prevent or minimize insect damage to
seeds .
Another factor of major importance to seed quality is trueness-to-variety .
A seed lot ma y be high in germination , vigor

1

and purity

1

free from noxious weeds

insects and disease organisms and still be of little value to the farmer if it is not
the variety which he desires to plan t.

For instance 1 it he is planting wheat in an

I
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area where a certain race of stem rust is prevalent, a wheat variety which is susceptible to this race of the disease may not give him the yield which he wants .
If he thinks he is buying seed of a resistant variety , but actually buys a variety

which is susceptible 1 and has been mislabeled as to variety , his crop could be a
total loss .
Field inspection of the growing seed crop is a sure way of insuring varietal purity . With some seed kinds, varieties may be identified by seed characteristics

1

however, techniques have not been worked out for all kinds of seeds .

This becomes a difficult problem in crops such as wheat, oats, sorghum and corn
where the seeds of many varieties are very similar in appearance . .. The seed
analyst is often able to tell that a lot of seed is not the variety labeled but is becomes difficult to say which variety it actually is .
Seed certification programs have done much to insure varietal purity of
seed lots .

Fields are inspected by competent inspectors during the growing

season and can be certified to be a particular variety .
Ano the r factor to be considered in seed quality is the appearance of the
seed .

It is true that appearance may not affect the performance of the seed when

planted , nevertheless , the buyer is going to be influenced by how the seed looks
when he makes his purchase .
bright , well colored seed .

Discolored seed will not be purchased as readily as

The seed itself may have a good appearance but often

it assumes a dingy appearance after treatment with fungicides , insecticides , or
innoculants .

I am not advocating the discontinuing of treatment with these rna-

terials , quite the contrary .
of seeds .

Seed treatment usually improves the field performance

Often the seedsman is able to choose dyes or colors which may be in-

corporated into seed treatments.

When applied to seeds these seed treatments do

not detract from their appearance but in some cases will actually improve t:l}e looks
of the seed .
We have looked at the several factors which are concerned in measuring

156
and determining quality of seeds .

Now let us consider a few means by which seed

quality can be improved.
A seed is at its maximum viability and vigor at that moment when it reaches
full physiological maturity in the field.

The various steps which it undergoes in

harvesting , processing and storage cannot improve it - it can only go down in viability and vigor.

How much the viability and vigor is decreased depends upon how

the seed in ha ndled.
One of the first things which we should consider in improving seed quality
is the environmental conditions under which the seed crop is grown . As I mentioned previou sly

1

the seed is at its maximum vigor and viability when physiologi-

cally mature in the field.

By improving the growing conditions we can improve

upon this maximum level.

The closer we can come to perfect growing conditions ,

the better the seed will be .
Growing conditions can be improved by the use of proper fertility practices
insect and disease control, and irrigation.
change growing areas .

I

In some cases , it may be necessary to

This has been true in the bean and pea seed industry .

For-

merly, beans and pea.s were produced in the Eastern and Mid-Western areas of the
United States . It was found , however , that in the Western areas of the country ,
higher qua lity seed could be produced due to less humid and more disease and in sect free conditions .
Much can be done to preserve seed quality in the way the seeds are harvested , processed and handled.

If care is taken to harvest seeds with proper

equipment at the proper time to minimize seed damage , and the seeds are carefully
processed , a minimum of deterioration of viability and vigor will occur.

Much can

be done to improve mechanical purity by proper seed cleaning and processing .
Processing w i ll be covered at much greater lengths later during the program so we
will not go into detail u pon this subject now.
High qu ality seeds can be ruined by improper storage.

You have all had
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experience with

1

or heard -o f serious damage occurring to seeds during storage.

Care must be taken to insure that the conditions under which the seeds are
placed are such that no serious deterioration in quality will take place.

A good

rule of thumb to use is that temperature in degrees Farenheit plus percent relative
humidity in the storage environment should equal 100 or less for good storage conditions. When packaging seed in moisture proof or moisture resistant packages
one should be very careful to insure that the seed moisture content is at a level
low enough to be safe for sealed storage.

Serious damage can occur to the seed

if the moisture content is too high .

What benefits can the seedsman expect to derive from producing and selling high quality seeds? As everyone knows the seedsman's reputation is his
most valued asset.

His business if founded upon his good name.

some profits can be made from "one-time" customers
seedsman wants more than one sale per customer.

I

however

1

It is true that

the reputable

Repeat business is needed in
If the seedsman deals in high

order for the seedsman to operate on a sound basis.

quality merchandise 1 at a fair price 1 he is more likely to build up a reputation as
being a reputable and respected operator than he would if he were interested in
just meeting the minimum standards for quality in his products.

His reputation is

based upon the quality of seeds which he sells.
High quality seed can be expected to demand a price premium .

The con-

sumer will get more for his money - even at a higher price per unit - with high
quality seeds than with those of lower quality.
material is handled

1

Also

1

the fact that high quality

can be used to good advantage in advertising and promotional

campaigns.
Dealing in high quality seeds will tend to help alleviate customer complaints and adjustments to the seedsman due to seed failures when planted.

High

quality seed will perform better under field conditions than will those of lower
quality.

This will further enhance the seedsman's reputation.

158
We have covered the factors comprising seed quality and ways of measuring
seed quality

1

means for improving seed quality and the values to be derived from

high quality seeds.

1

I think that you will agree with me that the seedsman can af-

ford to produce and sell nothing but the highest quality seed possible.
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THE PRESERVATION OF VIGOR I N FI ELD SEED
John S. Rogers.V
I have chosen this particular title for my discussion to emphasize t he
objective we should strive for as seedsmen " We are interes ted in provi ding as
high a quality product as possible in terms of vigor and stand potentia l , rather
than just distributing seed that meets some particular germina tion sta ndard . As
we are all aware from past experience , germination percenta g es are inadequate
for indicating vigor of particu lar lots of seed , and we may well anticipa t e the
time when germination standards are supplemented by some me a s u rement of vigor
to aid consumers in their selection of seed .
Our consumers

I

to an ever- increasing degree , will expect and demand

higher quality seed as a means of insuring stands over a wider range of conditions "
With advances in all phases of agricultu re , i t is i mperativ e that we in the seed
industry keep pace by utilizing the ava ila ble know l edge in prov iding a high qu ality
product for our consumers .
Taking as our objective the produ ction and dis tribu tion of see ds with maximum vigor

1

let us review those factors w hich influ enc e s e e d ·qua l ity and t he pro -

cedures we must follow to maintain this qu ality in ou r produ c t u ntil the see d is
ultimately used by the cons u mer.
The retention of vigor in any particu lar seed c rop depends o n th e e nviron ment under which it is produ ced , the method of hand ling du ring ha rve st a nd processing , and the environmental conditions to w hic h it is s u bj ected du ring t he
storage period .

Seeds of different spe c ies , a s we ll as vari e ti es within a species ,

will vary both in initial vigor and rate of decline , bu t the s ame general prac tic e s
for preserving maximum vigor app ly to all field see ds .

]/Dr . Rogers is Director of Agrono mic C rops ; breeders and growers of vegetable
and field seeds , Asgrow Texas Compa ny , San Antonio , Texas .
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A seed crop attains its highest quality at the time of full maturity, when the
seed reaches maximum dry weight and the principal process thereafter is loss of
moisture.

From this point of full maturity, the vigor of the seed crop can only de-

cline, and it is our objective to slow this decline as much as possible.
tent of our success will determine the quality of our product.

The ex-

Every step taken in

harvesting, processing and storage will have some effect on reduction of quality,
and it behooves us to use the best, practical procedures in preserving vigor.
Moisture content of the seed from the time of full maturity must receive
primary attention, and practices followed should be directed toward lowering the
moisture content to a level where decline of vigor is minimized .

Harvest at full

maturity is impractical for most crops because of the high moisture content, although some, such as corn, can be harvested essentially at this stage and
artificially dried.
Since most crops must dry down to safe harvesting moisture in the field so
that harvesting machinery will not damage the seed , weather conditions in the area
of production are important in determining .decline in quality while the seed is still
in the field .

Excessive humidity during the period from full maturity to harvest is

especially damaging and, in some cases , can result in complete deterioration before the seed can even be harvested .

Because of this , production areas should be

chosen where favorable weather conditions may be anticipated prior to and during
the harvest period .

Dessicants and defoliants may also be used to hasten field

drying and permit earlier harvest.
Extreme care should be exercised in harvesting and processing to minimize
mechanical damage to the seed.

In crops such as corn , sorghum and soybeans ,

results indicate that physical damage is minimized if they are threshed and processed at moisture contents of 14 to 16 %.

In other words, the seed must be al-

lowed to attain relative dryness in the field, but not to the point of safe storage .
Handling at moisture contents of 18 to 20 % causes damage because of excessive
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moisture , while cracking and breaking become severe at lower moisture contents
of 10 to 12 %.

Apparently, this intermediate moisture content of 14 to 16 % re-

duces damage by rendering the see? coat and other parts of the seed more flexible .
A partial reversal in procedure will be required to permit harvesting and
processing at this optimum moisture level of 14 to 16 %.

Under standard proce-

dures , seed crops are allowed to dry in the field until the seeds are at a safe
storage level, or the crop is harvested at an unsafe moisture level and dried before processing .

If seed remain at the optimum level for processing, 14 to 16 % ,

vigor will decline rapidly , while if they are dried immediately after harvest considerable physical injury will result at processing.

The more desirable approach,

from the standpoint of quality, is to harvest and process as recei":ed at the 14 to
16 % level , followed by immediate drying to the 10 to 12 % range.

Such a proce-

dure would probably require modifications in most plants to permit processing to
keep up with receiving, but higher quality would be insured by processing at the
optimum moisture level while still reducing the seed moisture to a safe storage
level soon after the seed is brought in from the field .

For field crops , a drying

temperature of 100° F is recommended for seed moisture between 10 and 18 %.
With moisture levels above 18 % , 90° F should be used , while on seed below 10 %
a temperature of 110° F is safe .
Seed quality may also be affected by pathogenic organisms or noxious insects , Appropriate seed treatments are available for controlling both diseases and
insects, however, and damage can usually be avoided with adequate control
measures.

Field treatment is sometimes essential, as well as treatment of stored

seed with both fungicides and insecticides. When proven recommendations are
followed, these treatments are unlikely to reduce vigor and in many instances will
increase the possibility of better stands .
These practices discussed so far relate to the preserv'ation of vigor prior to
the point of seed storage . It is obvious , however, that any success in maintaining
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vigor in stored seed will depend to a great extent on its condition at time of
storage , and optimum practices during production

I

harvesting and processing are

required to ins u re a minimum decline in vigor up to the time of storage. · We
should , therefore , make every effort to follow those practices that will maintain
maximum quality during all steps prior to storage.
Before discussing the various precautions and procedures which must be
considered in seed storage

1

let us review briefly the basic concept of a seed and

the primary factors which influence seed aging.
Seeds are living organisms, subject to the aging process, even though
they are in an essentially dormant state.
primarily on the process of respiration .

The rate at which seeds age depends
Since moisture content and temperature

are the two primary factors affecting respiration rate

1

relative humidity and temper-

ature under which seed are stored determine the speed of the aging process.
ture content of seed in storage is directly related to relative humidity

Mois-

since seed

I

of each species reaches an equilibrium with the surrounding atmosphere.

Data

shown in Table 1 give the moisture content of different field seeds at various relative humidities " As may be readily seen, the moisture content rises noticeably
with each 15 %increase in relative humidity .
. Ample evidence from previous research shows that the higher the relative
hu midity and , therefore , the related moisture content of the seed, the greater the
rate of decline . . As a general rule, for each drop of one percent in seed moisture ,
the period of time before a serious drop in vigor occurs will be doubled.

When con-

sidered on the basis of relative humidity, each 5 % reduction at the higher levels ,
ranging from 6 0 to 8 0 % , will approximately double the period before serious deterioration . At lower levels, from 30 to 50 % a 10% reduction in relative humidity will
1

be requ ired to dou ble this period preceding decline.

It should be noted that this

effect of redu cing moistu re content of the seed is cumulative , and while reduction
from 12 to l l % will dou ble the period before substantial loss of vigor

1

reduction
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from 12 to 10 % will increase it by four times.

Information of this type, on the ef-

feet of seed moisture, stresses the value of any reduction we may accomplish in
relative humidities during storage.
Table 1. Absorbed moisture content of field seed in equilibrium with air of various
relative humidities at room temperature (approximately 77° F).
15

30

45

60

75

90

100

Barley

6. 0

8.4

10.0

12. 1

14.4

19. 5

26.8

Corn

6.6

8.4

10.4

12. 9

14.7

18.9

24 . 6

7.3

9. 1

11. 3

19.6

Relative humidity per cent

Cotton
Flaxseed

4.4

5.6

6. 3

7. 9

10 . 0

15. 2

21.4

Oats

5.7

8.0

9.6

ll. 8

13.8

18 . 5

24.1

Peanut

2.6

4.2

5.6

7. 2

9.8

13 . 0

Rice , Milled

6.8

9. 0

10.7

12.6

14.4

18.1

23.6

Sorghum

6.4

8.6

10.5

12 . 0

15. 2

18.8

21. 9

Soybeans

4.3

6.5

7.4

9. 3

13. 1

18.8

Wheat, Hard Red Winter

6. 4

8. 5

10.5

12. 5

14.6

19 . 7

25 . 0

Wheat, Soft Red Winter

6. 3

8.6

10.6

11. 9

14 . 6

19 . 7

25 . 6

It has also been determined that the higher the temperature at which seed

are stored, the more rapid will be the aging process.

A general guide for tempera-

ture effect is that the period before serious decline in quality will be doubled with
each drop of 10° F in temperature.
Since both moisture content and temperature are important factors affecting
seed quality, storage conditions with low relative humidities and low temperatures
are essential for preservation of maximum vigor.
In dealing with field seeds, where volumes are large and relative unit
value low , it is much easier to outline effective storage conditions for preserving
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vigor than to develop practical procedures permitting their adoption .

Nevertheless

1

by clearly defining our objective to preserve maximum vigor prior to use by the consumer, we can adjust our procedures in the direction of attaining such a goal.
The exact procedure followed by any individual or firm will depend on their
particular situation.

Location of the main storage warehouse and period of time be-

fore the seed are used will be the major factors determining any approach to the
storage problem.
Firms located in cool, dry areas may require no artificial protection whatsoever , since the natural conditions will protect the seed adequately until shipped to
another region .

In other locations, where conditions are less favorable , varying

degrees of protection in storage will be required to maintain seed quality .
The desirability of seed warehouses , as measured by relative humidity and
temperature

I

should be carefully considered in evaluating storage conditions .

En-

vironmental conditions at various locations may be important factors in determining
location of production centers and warehouses .
Storage conditions are generally considered safe where percent relative
humidity plus the temperature in degrees F do not exceed 100 .
illustration

I

For purposes of

and as a rough evaluation of storage conditions at various locations

1

let me cite the totals for relative humidity and temperatu re at several locations in
Texas.

Such figures have been obtained by totaling the mean relative hu midity and

mean temperature for a location and , while fluctuation in these two measurements
during the year is no doubt important , some general index is provided as a basis
for evaluating these locations for seed storage.
At College Station , Texas the total is 150
121 and at Amarillo 110.

1

at San

An~onio

133 , at Lu bbock

Continual improvement in storage conditions is noted as

the locations move to the West and North.

Field seed could ordina rily be stored

safely under natural conditions at Amarillo for a considerable period of time , while
at College Station

I

under natural conditions , deterioration would be quite rapid
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after the first year.
Time of storage before use by the consumer will be an important factor in
determining any seedsmen 's solution of the storage problem .

There again , loca-

tion will be a big factor in deciding how long it is practical to retain seed in
storage for distribution to consumers .

Firms located under more favorable natural

conditions might plan for longer storage periods than those under less favorable
conditions.

In any case, the period of time for which seed are to be kept for com-

mercial distribution should be determined, to provide a basis for developing
storage which will insure seed of good vigor for this chosen period of time.

As

an example , storage conditions have been developed for certain vegetable seed
which insure retention of vigor and viability for at least 3 years at 85° F .
As a general approach for field seeds, particularly in areas where natural
conditions are not too favorable, a practical procedure might be to use seed for no
longer than the second year after production.

In most instances seed would then

be stored for a maximum period of 18 to 20 months , and through only one entire
summero

Under certain conditions new seed might be required annually .

Produc-

tion and distribution of most varieties in such that more than a 2-year 1 s supply
would seldom be produced , so that all seed from a particular year wou ld be distributed either the first or second year after production.

In

fact , more than 7 5 %

of most varieties would usually be distributed the first year after production.
Seed moisture at time of storage is an important factor to consider with all
field crops

I

and a general recommendation would be in the range of 10 to 12 %.

As previously indicated

1

this moisture content should be attained as rapidly as

possible after harvest, in accord with practices that will not otherwise damage the
seed .

The exact safe moisture level will again depend on the species or variety

condition of the seed crop , storage environment and the required period of safe
storage.
The importance of seed moisture

1

relative humidity and temperature

1
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emphasize a few precautions to be observed by all seedsmen.

Moisture samples

of each seed lot should be taken as a basis for all operations - harvesting
cessing

1

drying and storage.

In particular

before any seed is put into storage.

pro-

I

moisture content should be checked

I

Moisture content and temperature of seed in

bulk storage must be carefully checked.

Relative humidity and temperature records

should be obtained throughout the year in the warehouse

to provide accurate in-

I

formation on the conditions under which the seed is stored.

Records of this type

should serve as a guide in storage and distribution practices.
With these general thoughts in mind

1

let us consider some of the possible

storage alternatives which will enable us to provide high vigor seed to our consumers .
Seed vigor can frequently be retained during initial storage periods by
keeping the seed in bulk containers where there is little
ture contenL

1

Bins or boxes may be used for this purpose

if any
1

1

change in mois-

and the major precau-

tion is to be sure that moisture contents are at a safe level at time of storage.
crops such as sorghum

1

corn

1

In

soybeans or cotton 11 % or less would be highly de-

sirable.
Aeration is sometimes an effective supplement to bin storage
be used

I

under appropriate weather conditions

1

1

since it may

for either drying or cooling.

ted bins may actually represent improvements over some present situations

I

Aerawhere

drying or cooling of seed after receiving depend on gradual adjustment to existing
relative humidities and temperatures.
moving moisture

1

Such bins have definite limitations for re-

however, as the rate of removal is slow and they are dependent

on weather conditions for successful operation.

Atmospheric relative humidities

and temperatures limit the possibilities for drying and cooling
may sometime be used to speed up the drying process.

I

although heated air

Drying and cooling may

also be hastened by operating fans during periods of low relative humidity and temperature and stopping operation when humidities or temperatures are undesirably high,
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With crops such as cotton 1 where the seed is quite bulky I aerated bins
have been effectively used for cooling .

Texas Agricultu ra l Experiment Station re-

sults show that cotton seed temperatures can be lowered from 85° F in September to
below 60° F by November.

No drop in germination was reported for a 7-month

period after storage, if the seed were 12 %or below at t h e beginning of storage.
Ae.r ation was not effective in maintaining germination or preventing an increase in
free fatty acid content when seed were high in moisture and fat acidity at the time
of storage.
Aerated bins are also used for storage of sorghu m and corn immediately
after harvest, and under certain conditions have merit , depending on the moisture
content of the grain and atmospheric temperatures.

For exampl e

1

sorghum seed

harvested on the High Plains of Texas in October when temperat:J.re s are not ex1

cessively high, can be handled reasonably well with aerated bins .

Su ch bins in

South Texas will ordinarily not be as effective in preserving qu ality , because
sorghum seed is harvested during July or August when temperatu re s are high.
In any case

I

a more certain drying procedure

1

than the u se of a era ted bins

alone , will usually be required to reduce the rate of seed decline .

Such bins

should usually be considered as a holding operation , and not as the primary means
of reducing seed moisture to a safe level.

Once high qua lity seed has been re -

duced to a safe moisture level , 11 % or below
from 60 to 7 0° F during most of the year

1

1

and storage temperatures range

seed stored in bins may be expected to

retain good vigor into the second season.
Storage rooms with rigid control of relative hu midity and temperature offer
a method of keeping seed from year to year ,
respective moisture contents of 6 . 2
stored at College Station

I

1

Cotton , corn and sorghum , with

9. 5 and 7 . 6 %

1

have been s u ccessfully

Texas at 5 0° F for 2 2 years .

at 89 % , corn at 58 % and sorghu m at 95 %.

Cotton is still germinating

Similar samples stored at room tem-

perature (7 5 - 8 0° F) retained some viability for periods of 7 to 11 years .

Corn

I
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because of its higher moisture content, deteriorated much more rapidly than either
cotton or sorghum.

Of the latter two, sorghum maintained the highestviability.

The control of humidity and temperature in storage rooms is not ordinarily
practical for large volumes of field seed.

It is used effectively for foundation seed

stock storage, where seed may be retained for several years and the quantities are
relatively low.

Carry-over seed may sometimes be satisfactorily stored during the

summer months in refrigerated warehouses, if the relative humidity is kept at a
level of 5.0 to 60 %.

Such a procedure is expensive, but may sometimes be practi-

cal where carry-over volumes are small and cold storage is convenient and economical. At least such a system is practiced in some of the southern states where
carry-over seed under normal conditions is subjected to several months of high
temperatures.
The methods so far discussed pertain to the preservation of seed quality in
places of somewhat permanent storage - bins , boxes , warehouses or controlled
storage rooms.

Seed vigor can be retained in such storage either through location

in a favorable environment, or by artificial control of seed moisture and/or temperature.

Once seed is moved from permanent storage, into normal trade channels,

such controls are no longer operative .
The problem then becomes how to control one or more of the factors influencing decline in vigor after seed leaves the place of permanent storage.

Since

effective temperature control is impossible after seed is released for distribution

I

recent efforts to preserve seed quality have been directed toward the development
of individual containers which provide complete or partial control of moisture content.
Hermetically sealed tin cans, which provide a complete barrier to movement of moisture vapor, are being used successfully for vegetable seeds such as
tomato

1

onion, cucumber and pepper.

Such containers are possible for crops with

a high unit value and relatively low volume.
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Extreme care must be practiced in the use of sealed containers for storing
any kind of seed.

The seed must be dried to a sufficiently low level, as deter-

mined by previous experiments, to insure no serious decline in vigor during the
period of storage.

As a general rule, crops may be safely stored in sealed con-

tainers if they are reduced to a moisture content in equilibrium with relative
humidities of 15 to 20 %.

This equilibrium will be reached between 4 and 8 % , the

exact moisture content depending upon the particular species.

For example , corn

and sorghum approximate 8 % at these relative humidities, while cotton and soybeans , which are high in oil, are around 6 %.
Research and experience with sealed containers for vegetable seed has
proved that properly conditioned seed can be safely stored, with no appreciable
loss of vigor

1

for periods of 3 years at a temperature of 8 5° F.

Since moisture con-

tent is controlled, and temperatures in areas of use are seldom above 8 5° F for any
long period of time

1

seed in sealed containers can be distributed through normal

trade channels with the assurance of the product retaining high quality for at least
3 years after initial storage.

Let me emphasize again that success of such a pro-

cedure is dependent on proper moisture content at storage and a complete moisture
seal by the container.

In fact

1

experimental results have definitely shown that

seed stored in a sealed container, at an excessive moisture level, deteriorates
more rapidly than if stored where no moisture barrier existed.
The reduction of seed moisture to a safe level, 4 to 8 %, and its subsequent
control through the use of sealed containers, as practiced with vegetable seeds
has proved a successful method for preserving seed vigor.

1

By controlling moisture

content with the packaging container, the initial moisture level can be retained regardless of the environmental conditions of the area into which the seed is shipped
for distribution.

The method also provides for adequate seed vigor over the entire

period of time during which the seed will ordinarily be offered to consumers .
Sealed

I

moisture-proof tin cans have proved effective for certain small-
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seeded vegetable crops, but other types of containers are required for field seeds
with large volume and low unit value.

The general principle, of controlling mois-

ture content by the use of special containers, may also be applied to field seeds.
Recent efforts, therefore, have been directed toward the development of practical,
moisture-resistant containers for field seeds.
A number of different moisture-resistant bags are now available and , although they differ in materials and construction
against transfer of moisture vapor.

1

all are designed to protect

These moisture-resistant bags usually have

several plies of paper, supplemented with such materials as alu minum foil, polyethylene or asphalt to serve as moisture barriers ,

The degree of moisture res is-

tance varies, depending on the kind and quantity of the material and construction
of the bag.
Foil laminated bags

1

which are an inner ply lamina ted with polyethylene

and foil , have proved quite effective in reducing moisture transfer
3-ply multiwalls with 4 mil poly liners ,

I

as have also

Multiwalls with 3 and l mil poly liners

I

as might be expected, have proved less effective than those with heavier liners .
Bags with asphalt or polyethylene coated paper barrier sheets are also u sed to protect vigor of some of the lower-priced, less moisture sensitive seeds .

Heat seals

and valve sleeves are other devices now in use to provide greater moisture resistance to bags which may be used for field seed .
A number of different moisture - resistant type bags are now in use , but additional information is needed to determine the extent of their effectiveness in
preserving seed quality.

Ce rtainly the rate of moisture transfer can be greatly re-

duced , with the exact rate depending on the environmenta l conditions and particular type of bag.

Such bags are beneficial when inhibiting a rise in moisture content

of the stored seed, but they can be detrimental by slowing down moisture loss when
atmospheric relative humidities are conducive to a reduction in moisture content.
Sudan grass and alfalfa stored in multiwall , foil laminated poly coated bags
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at 100° F and 90 %relative humidity maintained good germination for 90 days

I

while seed in multiwalls with 4 and 3 mil poly liners showed a noticeable decline .
Seed stored in more porous type bags under the same conditions lost their germinating power in 30 to 60 days .
Experiments conducted with onion seed stored at 75° F and 55 %relative
humidity

using 5 and 10 mil polyethylene bags

1

retained for 32 weeks.

showed that good viabilit y was

1

A moderate decline in viability occurred over a 32-week

period when the seed were stored at 75° F and 95% relative humidity.

Onion

seed in the same type bags , stored at 104° F and either 55% or 95% relative
humidity

declined rapidly within 4 to 8 weeks.

1

At the higher temperature , seed

deteriorated rapidly because of the much faster change in moisture content of the
seed.
These results indicate that moisture-resistant bags
moisture transfer

1

do not eliminate it completely .

1

while they slow down

They cannot

I

therefore , be

utilized with the same degree of safety as can a completely moisture-proof container.

With proper usage

I

however

I

they do provide opportunities for improving

seed quality.
The major precaution , whic h must be followed in the u se of moisture-resis tant bags

I

is to avoid packaging seed with too high an initial moisture content.

On the basis of present knowledge

1

field seed should be dried to at least 11 % be -

fore placing them in any type of moisture-resistant bag .

Excessive deterio ration

can definitely be expected if such crops as corn and sorghu m are packed at 12 to
14% moisture and subjected to temperatures of 70 to 80° F for any appreciable
period of time.

Seed stored at s u ch moisture levels would decline slower under

most conditions if stored in porou s bags .
however

I

With adequate drying before packing

1

seed stored in moisture-resistant bags should maintain better vigor.

In addition to adequate drying before packing

1

attention must be given to

the moisture gain which can occur in these moisture-resistant bags over a long
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period of time.

If storage conditions are such that moisture content gradually rises

above 12 %, care should be exercised in distribution of this seed.

Should such a

situation prevail, the effect would be the same as if the seed had been packed at
too high an initial moisture content.
When moisture content of seed in moisture-resistant bags is in the 12 %
range, caution should be observed in subjecting the seed to high temperatures for
more than a few weeks.

In some areas during the summer, when temperatures are

high and relative humidities comparatively low, 50 to 70 %moisture-resistant
feature might tend to keep moisture in rather than out.

Under such conditions,

where moisture-resistant bags inhibit loss of moisture, the rate of seed decline is
increased.

In any particular situation, these moisture-resistant bags are only more

effective when they maintain a lower moisture content than would occur if seed are
in equilibrium with the atmospheric relative humidity.
Under normal operating practices, where carry-over seed from various areas
is returned to the warehouse for storage, a careful check should be made on moisture content and the period of time the seed has been exposed to high temperatures.
Moisture levels of around 11 %, and certainly no more than 12 %, should be maintained to minimize seed decline during the summer months when temperatures are
highest.
Moisture-resistant containers, when used properly, are definitely effective
in preserving vigor of field seed.

The major precaution in using them is to avoid

excessive moisture content of the seed by adequate drying before packing and prevention of any undue moistu,re gain over long periods of storage.

Where initial

moisture contents are 11 % or below, and little if any gain occurs during storage ,
it should be possible to preserve reasonable vigor fn field seed for an 18 to 20 month period under most conditions ordinarily encountered by seedsmen,
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Summary
Preservation of vigor in field seed , till the time of use by the consumer ,
should be one of our main objectives as seedsmen.

Production under a favorable

environment , harvesting and processing at optimum moisture levels for each crop ,
rapid drying to safe moisture levels of 10 to 12 %, storage under low relative
humidity and temperature conditions, and the proper use of moisture-resistant containers are all practices which should enable us to attain that goal.
Definite progress has been made in recent years in the improvement of
seed quality in our field crops .

In particular, progress has been possible in crops

such as hybrid corn and hybrid sorghum where new seed is required each year and
the unit value is relatively high.

I think these crops afford us an example of what

we may anticipate for other field crops in the future .

The benefits derived from

high quality, vigorous planting seed are continually becoming more evident , and
consumers will increasingly demand seed of all crops that will insure stands over
a wider range of conditions.

As planting seed is produced more and more for that

specific purpose , rather than being obtained as a by-product of the farm crop itself , we may expect distinct improvement in seed quality of all of our field crops.
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INTERPRETATION OF TETRAZOLIUM TESTS.!/
James C. DeloucheY
The technique of the tetrazolium test has generally been known to seed
analysts in this country for over 10 years.
recognized.

The potential usefulness of the test is

Yet , only a few workers have effectively applied the method for

rapidly determining the viability of seed . It appears that difficulties in interpreting the results of tetrazolium tests are largely responsible fo r the rather limited
use of the test.
The technique of the tetrazolium test is relatively simple.

Intact or bi-

sected seeds are soaked for a period of time in a 0 . 1 to l % so lution of tetrazolium .

The length of the soaking period and the concentration of the solution vary

with the kind of seed , whether the seeds are intact or bisected, and to some extent with the temperature.

If the proper method has been used, the living parts of

the seed stain bright red , while dead areas remain unstained .

Seeds uniformly

stained or unstained present no particular interpretation problem .

However , when

both stained and unstained areas are present on the same seed, proper interpretation is essential.
In interpreting tetrazolium test results , it is very important that the person
performing the test have a clear understanding of seed morphology and seedling
development.

Knowledge of the relative importance of the various seed organs in

each species is essential.
The morphological basis for interpretation can perhaps best be illustrated
by considering interpretation problems in the legumes and large-seeded grasses ,

.!/A more comprehensive treatment of this subject is contained in a bulletin
11
Rapid Viability Tests .. , available upon request from the Mississippi Seed
Technology Laboratory .
;/Dro Delouche is Associate Agronomist , Seed Technology Laboratory , Mississippi
Agricu ltural Experiment Station .
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two important groups of crops .
Legumes
A soybean seed with the seed coat removed is illustrated in Figure 1 A.
seed (excluding seed coat) consists of three organs: cotyledons
Each of these o rgans has a particular function.

1

radicle

1

The

epicotyl.

The cotyledons are food storage

organs and supply the basic nutritional needs during germination and development of
the young seedling until it becomes established .
mary root.

The radicle develops into the pri-

The epicotyl develops into the aerial portions of the plant.

organ is essential for normal seedling development.

Thus

1

The cotyledons , however

each
1

can

be dead in certain areas and still function to the extent that a normal seedling develops .
The critical area in legume seed is indicated in Figure 1 B.
cludes the radicle

The area in-

and the area of attachment of the radicle and cotyledons .

I

This

vital area , which includes the epicotyl 1 must be alive for normal see dling development.

As previously indicated

normal seedling development.

1

minor dead areas of the cotyledons do not prevent
However

1

if the dead areas are extensive , normal

seedling development will generally be prevented .
Morphologically , the seeds of most legume species are similar with the
I

exception of size an alfalfa seed is similar to a soybean seed.

Thus , interpreta-

tion problems in the legumes are also similar .
Large - seed grasses
A bisected corn seed is illustrated in Figure 2 A.

It can be readily seen

that the internal stru ctu re of corn is much more complex than that of soybeans .
seed consists of t he pericarp or seed covering

I

The

endosperm or food storage organ ,

scutellu m or modified cotyledon , and an embryonic axis consisting of the plumu le
and radicle .

The endosperm is non-living tissue and does not stain upon treatment

with tetrazoliu m .

Like the cotyledons it supplies the nutritional needs during
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RADICLE

-----COTYLEDON

A.

B.

Figure l. A. Structure of the soybean seed.
area indicated in black.

B.

Soybean seed with "vital"

r~~'--- PERl CARP
--~~-ENDOSPERM

111-+-CO LEOPT I LE

-HI-......._ PLUMULE
..._..... SEMINAL ROOTS

RADICLE

A.
Figure 2. A. Structure of the corn seed (longitudinal section).
with "vital" area indicated in black.
I

B.
B.

Corn seed
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germination and seedling

developm~nt.

tions in food mobilization and transport.

The scutellum is living tissue and funcThe plumule develops into the aerial

parts of the plant and the radicle develops into the primary root.
ever

I

In grasses

the primary root is not so important as in the case of legumes.

I

how-

Other roots--

the seminal roots --develop and are adequate for normal seedling and plant development.
The critical area in com is indicated in Figure 2 B.
central portion of the scutellum

1

It includes the plumule

I

upper part of the radicle and the region between

plumule and radicle from which the seminal roots arise.

These vital areas must be

alive for normal seedling development.
The structure of the com seed is typical of the grasses and the above statements apply equally well to other large-seeded grasses.
While minor dead areas might not prevent normal germination and seedling
development of seed

I

they are indicators of deterioration and provide useful infor-

mation regarding seed vigor.
The illustrations above indicate the importance of a knowledge of seed
morphology in interpretation of tetrazolium test results.
ever

1

Much information

I

how-

needs to be obtained before more precise and detailed interpretation criteria

can be developed. Widespread use of the tetrazolium test will depend upon development of these criteria.
such information.

Considerable work is currently underway to provide
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REGISTRATION UST
Acheson William S.
Ben Gustafson & Son Manu£. Co .
6 501 Cambridge Street
Minneapolis 26, Minnesota

Bryant , Benson
Hobart Flour & Feed Company
Box 679
Hobart , Oklahoma

Alligood , Jack
Cotton Producers As so cia tion
Dublin , Georgia

Burch , Thomas A.
Agronomy Department
Louisiana State University
Baton Rouge , Louisiana

I

Arnold, Carl
Miss. Federated Cooperatives
Canton, Mississippi
Bailes, Jim
McNair's Yield Tested Seed Co.
Box 706
Laurinburg North Carolina
1

Barham Mr. & Mrs. Charles A.
Producers Seed Company
Jordan Highway
Union City, Tennessee

Bu tterfield , Ellen
Ohio Seed Improvement
1001 West Lane Avenue
Columbu s , Ohio
Cade Jo h n
Alexandria Seed Company
Alexandria , Louisiana
I

I

Ca rroll , Mr . & Mrs . Overt
White Seed Company
Box 428
Mu nfordvi lle Kentucky
1

Beck , James M .
Dixie Seeds , Incorporated
Box 128
Gilliam, Louisiana

Cart er , W . L.
W . Atlee Burpee Company
Box 861
Sanford , Fl o rida

Becker, Roy
Ohio Seed Improvement Assoc .
1001 West Lane Avenue
Columbus 21 , Ohio

Cecka , M . C .
Simon - Carter
Minneapolis , Minnesota

Bitzer, Earl D.
N. W . Co-op Mill
6 35 North Fairview
St. Paul 4, Minnesota

Cheshire 1 Ted
Louisia na See d Co . of Miss . , Inc.
Box 3 10 1 West Jackson Station
Jacks o n o Mississippi

Bowen , Ross P.
Bowen Seed Farms
Route 1
Lyons , Georgia

Chand l e r , Hershel
Hoba rt Flou r & Feed Company
Box 6 79
Hoba rt , Oklahoma

Bowers , C . M .
Georgia Crop Improvement Assoc .
Box 92
Greensboro , Georgia

Ci vretta o Marty W .
Crown Zellerba c h Corporation
1020 Richa rds Bu ilding
New Orl e ans 1 2 , Louisiana

Bradshaw I. R.
Riemers Company
Ellisville , Mississippi

C o ates , E. S .
Nort h Caro lina State College
Raleigh North Carolina

I

I

180
Danielson, C. B.:
West Virginia Pulp & Paper Co .
Box 198
New Orleans, Louisiana

Coble , Mr, & Mrs. J. D.
Coble Seed Company
Presho , South Dakota
Corbin , John R.
Corbin Grain Company
Springfield , Tennessee

De Porter, Al
Sugar Loaf Farm
Youngsville , North Carolina

Corbin Jimmy
Chipman Chemical Company, Inc.
Pasadena , Texas
I

Cotton Jay E,
Foster-Kendall Company
7 40 First Avenu e North West
Carmel , Indiana
I

1

Cotton , Mr. & Mrs. Richard T.
U . S . Dept . of Agriculture , Retired
2141 North East , 27 Drive
Fort Lauderdale Florida
I

Cox , John A,
Mississippi Federated Cooperatives
Canton , Mississippi
Covington , Bert
Covington Seed Company ·
Guthrie , Kentucky
Crowley , George R,
Chi pman Chemical Co . , Incorporated
Box 272
Pasadena , Texas
Cu lver Jared A.
Alton L, C u lver & Sons
1

Tru mansburg , New York
Dahlquist , Bernard
Fu nk Bros . Seed Company
8 09 Richland Av enue
Normal , Illinois

Dalton, Clarence B.
Munson Hybrids
R. R, 3
Galesbu rg, Illinois

I

Diers , :M:r. & Mrs . Elmer E.
Elmer E. Diers Seed Cleaning
Dickinson , North Dakota
Dole, G. L.
Peppard Seeds , Incorporated
1117 West 8th Street
Kansas City 1, Kansas
Dorman, W. A.
Dorman & Company
Box 303
Lubbock, Texas
Dougherty , George
N . Y. Foundation Seed Stocks
Box 474
Ithaca 1 New York
Downs, Dale
Mitchell Farms
Windfall , Indiana
Durkot , George
Simon -Carter
Minneapolis , Minnesota

R. D . 1

Dailey , David T .
E. L DuPont de Nemours
117 3 East Irvin Drive
Memphi s , Tennessee

Deriso, C. G.
Paul Hattaway & Company
Box 449
Cordele Georgia

1

Evans S. R. "Doc 11
Evans Seed & Feed
Greenwood , Mississippi
I

Incorporated

Feder , Mr . & Mrs. William R.
Bemis Bros. Bag Company
605 East Chestnut
Bloomington, Illinois
Firkins, · Virgil E.
Agric. Alumni Seed Imp. Assoc.
2336 Northwestern Avenue
West Lafayette, Indiana
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Flowers, M . T.
Miss . Seed Improvement Assoc.
State College, Mississippi
Foglio Manuel
Reforma IFOF
Mexicali , B. CFA, Mexico

Haggerty, Neil J. , Jr.
Crown Zellerbach Corporation
One Bush Street
San Francisco 19, Califotnia

1

Frevert , Mr . & Mrs. Vergil
Crippen Manufacturing Company, Inc.
Alma Michigan
1

Freeman Ed
Riverside Chemical Company
Marks, Mississippi
I

Friesema , Jacob, Jr,
Pfister Associated Growers, Incorporated
301 Lakelawn Boulevard
Aurora Illinois
I

Gilbert , W. T.
Sa wan, Incorporated
Box 151
Columbus , Mississippi
Goetz, Mr. & Mrs . George
Me rca tor Corporation
6 07 Washington Street
Reading , Pennsylvania

z. , Jr.

Goodsell , Mr. & Mrs. Samuel F.
Pioneer Hi -Bred Corn Company
5615 ForestAvenue
Des Moines , Iowa
Graham E. N .
Mississippi Seed Improvement Assoc.
State College , Mississippi
I

Gremillion Mr . & Mrs . H. J.
Louisiana Seed Company Incorporated
Box 1112
Alexandria, Louisiana
I

1

Gu thrie , J. Dennett
USDA Foreign Agricultural Service
Washington 25 , D. C.

Hale, Nathaniel
Scopena Plantation
Route 3
Bossier City, Louisiana
Hall, Charles
Greenwood Seed Development Co.
Thomasville, Georgia
Haller, Russell
Producers Seed Company
Box 1105
Decatur, Illinois
Hare, W. W .
Miss. Agric . Experiment Station
Box 125
State College, Mississippi
Harrington, C. D.
Asgrow Seed Company
Asgrow Research Center
Twin Falls Idaho
1

Harrison, Carl P.
Carl P. Harrison-Seedsman
Box 88
Cooper Texas
1

Haynsworth, Harry J.
Plant Materials Center, USDA
Route 2, Box 576
Arcadia, Florida
Hess, Louis
Hybrid Corn Growers
Lyons , Georgia
Henderson , James
A. T. Ferrell & Company
Saginaw, Michigan

I

Hackleman , Mr. & Mrs . J C.
Illinois Crop Improvement Association
110 West Green Street
Urbana, Illinois
o

Henson , Charles E.
R. W. McPherson & Assoc .
1 0 3 South College
Monroe, Louisiana
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Is grid , Ben
Arkansas Farmers Association
N . Little Rock , Arkansas

Hicks , Joyce
Hulsey Seed Laboratory
Box 132
Decatur, Georgia

Jeter , Wendell 11 Sal ty 11
Carl P . Harri son-Se e dsman
Box 88
Coope r , Texas

Hill, Cliff
Johnston Seed Company
Enid , Oklahoma
Hill, Robert A.
Hillcrest Farms
6 6 0 Pine Ridge Street
Perry, Georgia

Joy ner I Al
L. A. Green Se e d Company
Little Rock , Arkansas
Jones , Max E.
Cok er' s Pedigreed Seed Co.
Hartsvi lle , South Carolina

Hodges , George
Scopena Plantation
Route 3 , Box 434
Bossier City , Louisiana

Kappes , William
Agric . Alumni Seed Imp . Assoc .
2336 No rthwestern Avenue
West Lafayette , I ndiana

Hoppes, R. Clyde
Mitchell Farms
436 Broadway
Peru , Indiana

Kelly , Alvin
Sou t hern Seed Farms
Belton , South Carolina

Howard, Robert
Farm Bureau Services
Lansing, Michigan
Howle , W. M .
Coker 1 s Pedigreed Seed Company
Hartsville South Carolina
1

Hudson , Dewey
Panogen Company
Albermarle , North Carolina

Kelly, Jame s
Aeroglide Corpora tion
Ra l eigh , North Carolina
Kern , B. W .
Miss . Federated Cooperative s
Canton Mississippi
I

Kers ey , Curtis
McNair 1 s Yield Tested Seed Co .
Box 706
Laurinburg , North Carolina

Hudson Loreen
Traywick & Traywick
Albermarle North Carolina
I

1

Huggins , Edgar M.
S . C . Foundation Seed Association
Clemson South Carolina

Klarr , Leo W .
Ellka y Farms
Hattiesbu rg , Mississipp i

1

Krohne , Wa lter J.
Krohne Associates , Incorporated
Box 108
Fern Park , Florida

Hul sey, Mrs . C . J.
Hulsey Seed Laboratory
Box 132
Decatur , Georgia
Hunnicutt , Mr. & Mrs. J. B. Jr.
A. J. Evans Marketing Agency , Incorporated
Fort Valley , Georgia
I

Krohne , Walter J. , Jr.
Krohne Associates Incorporated
Box 108
Fern Park, Florida
I
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Kunze 1 Ralph E.
Farm Bureau Co-op. Assoc.
245 North High Street
Columbus , Ohio

1

Inc.

Lambert 1 Bob
Lambert Seed Company
Newport, Arkansas

Metcalf, Gould , E.
Producers Seed Company
Box 1105
Decatur, Illinois
Meyer, Mr . & Mrs . Ken

Ken Meyer Seed Company
1220 Willow Street
Vincennes Indiana
1

Linkes, Wayne
Kentucky Seed Company
Box 7 36
Somerset, Kentucky
Lott, Elbert D .
Mississippi Supply Company
Box 37
Yazoo City, Mississippi

Mitchell , Elton M .
Sugar Loaf Farm
Youngsville , North Carolina
I

Moffett , Ralph V.
Greenwood Seed Company
Thomasville , Georgia
Moss J. T.
Mosswood Farm
Box 83
Youngsville , North Carolina
I

Lowery, Harvy C .
Agricultural Extension Service
310 Hoke Smith Annex
Athens, Georgia
Mahigan, Mr . & Mrs . I. R.
Northrup King & Company
409-14th Avenue North
Hopkins Minnesota

McCall , EdwardS .
W . At lee Burpee Company
Box 861
Sanford , Florida

1

Manning, Troy
Hillcrest Farms
Dudley , Georgia

McLau ghlin , Foil W .
N . C . Crop Improvement Assoc .
North Carolina State College
Raleig h , North Carolina

Marcus Abraham
Dept. of Agriculture, AMA , MQRD, QES
West Building, Plant Industry Station
Beltsville , Maryland

McLees W . F .
Oakway Gin Company
Westminister , Sou th Carolina

1

Martin , Mrs . Leora
Arkansas State Plant Board
5 06-1/2 Center Street &
Little Rock , Arkansas
Menges , Arthur W.
Illinois Crop Improvement As so cia tion
110 West Green Street
Urbana , Illinois
Mercer , J. W .
Cotton Producers As so cia tion
Atlanta, Georgia
Meredith Johnny
Sou them Seeds men's Association
Shreveport , Louisiana
I

I

McPherson , R. W .
McPherson Associa tes
Box 335
Monroe , Lou isiana
Newlin , Dr. & Mrs . Owen J.
Pioneer Hi-Bred Corn Company
Johns ton , Iowa
O ' Neal , M . T . , Jr .
M . T. 0 1 Neal Processing Co .
Rou te 2
Anderson , Sou t h Ca rolina
Pace , Noble
Colu mbus , Mississippi
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Patterson , M r. & Mrs . Robert J.
Bristol Grain & Seed Company
RFD1
Newark Illinois

Salley I Paul
Jordon Wholesale Co. Inc .
Cleveland, Mississippi

Percy 1 Carter
Seeds man
VVeyanoke Louisiana

Savage Sam
Dixie Seeds Incorporated
Box 128
Gilliam Louisiana

Potts Howard C ,
Dept. of Agriculture
Virginia Poly , Institute
Blacks burg , Virg~nia

Satterlee I Guy C .
Sutton Steele & Steele
1031 South Haskell
Dallas Texas

Rebholz , Jerome J ,
Producers Seed Company
Piper City , Illinois

Schweizer Edgar
Eric Schweizer & Cie
Thun 1 Switzerland

Rice Dr , & Mrs , John Carl
N , C , Crop Improvement Association
State College Station
Raleigh , North Carolina

Scott Walter 0 .
Illinois Crop Impr . As soc ,
110 West Green Street
Urbana, Illinois

Rodrigu es Ing , Jose
Dept. de Semi llas
Balderas # 94
Mexico 1 1 D , F ,

Shoen, Don
Seedsmen•s Digest
1910 VVest Olmos Drive
San Antonio 1 1 Texas

Rogers , Dr. & Mrs , John
Asgrow Seed Company
New Haven Connecticut

Sims , W . H .
Brookside Seed Service
Route 1
Bentonville , Arkansas

I

I

I

1

I

I

1

1

Ruffin , Mr , & Mrs . Leonard
A, T, Ferrell Company
Chamblee, Georgia
Rou sseau , Ju l es L,
Jacob Hartz Seed Company
Stuttgart , Arkansas
Ryan , Mr , & Mrs , Edmond ·
Rudy Patrick Seed Company
1200 West 8th
Kansas City , Missouri
Ryker , T , C .
Du Pont Company
Indu s trial & Biochemical Department
Wilmington , Delaware
Saboe , Mr. & Mrs . Lewis C .
Ohio State University
1827 Neil Avenu e
Columbu s Ohio
I

I

1

1

I

1

I

Seeds

1

Smedul R. W.
California Spray-Chemical Co .
2913 Ingersoll
Des Moines I Iowa
1

Smith Perry
Miss. Federated Cooperatives
Canton Mississippi
I

1

Smith, Darrell R. .
Sunshine Grain Company, Inc.
Box 344
Tupelo Mississippi
1

Sorensen Mr. & Mrs , Wayne E.
Superior Separator Company
Hopkins , Minnesota
I

Spry Fred
N . Y. Foundation Seed Stocks
Box 474
Ithaca New York
I

1
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Stallings , W . M . , Jr.
Ohio Hybrid Seed Corn Producers
Croton , Ohio

Walker , Mr. & Mrs. Kent
Preston V. Walker & Sons
Clarence Missouri

Stanley , Bobby
Stanley 8 s Seed St ore
Smi thfield , North Carolina

Wallace Mr. & Mrs. William H.
Wallace Processing Equipment
Cleveland Mississippi

Sta nway 1 Vio la Ma y
University of Missou ri
C o lu mbia , Missouri

Warren Mr . & Mrs. William L.
Panogen Company
Box 1014
Memphis , Tennessee

St ipp , Mr. & Mrs . Raymond L.
Pi oneer Hi - Bre d Corn Company , Inc.
R. R. # 2
Mou nt Vernon , Indiana

I

I

1

1

Wastcoat , John W .
Burrows Equipment Company
1316 Sherman Avenue
Evanston , Illinois

Stri c kland , A. C .
W e s t Virginia Pulp & Paper Company
Box 8 32
North Cha rleston , South Carolina

Wax , John C .
The Wax Company
Amory Mississippi

Stu tzman , M r. & Mrs . Roy
Pano ge n
Ringwood , Illinois

Webb , Thomas E.
Florida Foundation Seed Produ cers
Quincy , Florida

Ta ylor , W . D .
Ontario De partment of Agriculture
Gu elph , Onta ri o , Canada

Weddle u Clarence
Kentucky Seed Company
Box 7 36
Somerset Kentucky

1

1

Terra l , Jo hn
Terral-Norris Seed Company
Box 32
La ke Providenc e, Louisiana

Wilkes , J. C .
Hybrid Corn Grower
Route 1
Lyons Georgia
I

Terral , Tho ma s
Terral-Norri s See d Company
Box 32
Lake Prov i dence, Lou isiana

Williams ,
Anderson , Sou th Carolina

Trippet , 0 " A. , Jr.
J . G . Bos well Company
C orco ran , Ca lifornia

Wilson , Dr . & Mrs . Lane
Southern Se eds men ' s Association
2 0 36 Line Avenue
Shreveport , Louisiana

Tu rner Bernie
Proc e ssing Equ ipment
Nas hv ille Tennessee
1

I

Va n Vl ee t Ge rald
Ga rden City Coop ., Equity Exchange
Bo x 4 5 3
Ga rd e n City, Ka n sas

Windish , Mr. & Mrs . Leo G .
The Windish Seed & Feed Mills
301 Market Street
Galva , Illinois

I

Winstead Elmo
Georgia Department of Ag ri .
Atlanta , Georgia
I
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Wood, Ralph

Cotton Producers Association
Dublin, Georgia
Wright, Mr. & Mrs. G. B.
G. B. Wright Seed Company
Districh, Illinois
Young, Paul B.
Alabama Crop Improvement Association
API
Auburn, Alabama
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LIST OF PROCESSING EQUIPMENT
IN THE SEED TECHNOLOGY lABORATORY
MANUFACTURER

EQUIPMENT
Air and Screen Cleaners

A. T. Ferrell and Company
West Michigan & Wheeler Street
Saginaw 1 Michigan

Clipper

I

Model Super X-29D

Clipper

Model 69-D

II

II

I

Clipper

Model 2 7

II

II

1

Crippen

Model H-534-A

I

Crippen Manufacturing Company
Alma Michigan
1

Crippen

I

Model 334-A

Vac-A-Way

I

Farm Model

II

II

J. W . Hance Manufacturing Co.
Westerville Ohio
1

Aspirator
Electric Sorting Machine Co.
5134 Glenmont Drive
Houston , Texas

Pneumatic Separator

Belt Separator
Ross Beet Seed Draper (Inclined Belt)

J. J. Ross Mill Furnishing Co.
Portland, Oregon

Buckhorn Separator
Sutton

I

Steele and Steele

Sutton Steele and Steele
1031 South Haskell
Dallas 23 , Texas
I

I

Inc.

Corn Graders
Morecorn Grader

I

Model 2 SA

Universal Hoist and Mfg . Co .
1326 Waterloo Road
Cedar Falls Iowa
I

Rock-It Corn Grader

1

Model S-4

Superior Separator Company
121 Washington Av enue South
Hopkins Minnesota
I

Corn Sheller
Western Corn Sheller

Union Iron Works
Decatur Illinois
I

188
MANUFACTURER

EQUIPMENT
Conveyors
Burrows Belt Conveyor

I

Model R-13-3/4 HE

Burrows Equipment Company*
1316 Sherman Avenue
Evans ton Illinois
1

Clipper Vibrating Conveyor

A. T. Ferrell and Company
West Michigan & Wheeler St.
Saginaw Michigan
I

Elton Belt Conveyor 1 Model B

R. R. Howell Company*
·Minneapolis Minnesota
1

Universal Belt Conveyor

1

Model H-2

Universal Hoist and Mfg. Co.
1326 Waterloo Road
Cedar Falls Iowa
I

Debearder
Clipper

A. T. Ferrell and Company
West Michigan & Wheeler St.
Saginaw Michigan
I

Elevators
Burrows Cup Type

Model 10 0

1

Burrows Equipment Company*
1316 Sherman Avenue
Evanston Illinois
1

Burrows Cup Type
Gordonbilt Airlift

Model 200

1

1-H. P.

1

II

II

Gordon Machinery Corporation
P . 0. Box 1452
Marysville California
I

John F. Grisez Company
Crows Landing California

John F. Grisez

I

Lift-Master Airlift

1

2-H. P.

Holzinger Brothers
10 14 0 South Shoemaker Ave .
Sante Fe Springs California
I

Seedburo Cup Type 1 Model 200 B.

Seedburo Equipment Company*
618 West Jackson Boulevard
Chicago 6 Illinois
1

Universal Cup Type

*Supplier

1

Model B.

Universal Hoist and Mfg . Co.
1326 Waterloo Road
Cedar Falls I Iowa
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MANUFACTURER

EQUIPMENT
Gravity Tables

Oliver Manufacturing Company
Rocky Ford Colorado

Oliver Model 50-A
1

I

Sutton

Steele & Steele

I

Model AX-100

I

Sutton Steele & Steele
1031 South Haskell
Dallas 2 3 Texas
I

I

Inc .

I

Hullers and Scarifiers
A. T. Ferrell and Company
West Michigan & Wheeler Street
Saginaw Michigan

Clipper Eddy-Giant
I

I

Clipper

I

II

II

Model HSC-2

Crippen Manufacturing Company
Alma 1 Michigan

Crippen , Model S
Length Graders
Carter Disc Separator

I

Model 1522

Simon -Carter Company
6 55 Nineteenth Avenue , N . E.
Minneapolis Minnesota
I

Carter Disc Separator

1

Model 18 27

Hart Uni-Flow Cylinder Separator
Model 3
Superior Length Grader (Cylinder)
Model C-56

II

II

II

II

Superior Separator Company
121 Washington Avenue South
Hopkins Minnesota
I

Magnetic Separators
John F . Grisez Company
Crows Landing California

John F . Grisez

I

Mixers
Kelly Duplex Vertical Mixer
Model 1

I

Burrows Equipment Company*
1316 Sherman Avenue
Evans ton Illinois
1

Mac Lellan Batch Mixer
Model 1
*Supplier

1

II

II

MANUFACTURER

EQUIPMENT
Polisher
Crippen

I

Crippen Manufacturing Co, .
Alma Michigan

Model EP-26

I

Roll Mills (Dodder)
Clipper

I

A, . T. Ferrell and Company
West Michigan & Wheeler St.
Saginaw 1 Michigan

10 rolls

W. A. Rice Seed Company
Jerseyville, Illinois

Wars co , 8 rolls
Scales
Apex Bagging Machine, Model D-100

Burrows Equipment Company*
1316 Sherman Avenue
Evans ton , Illinois

Fairbanks-Morse, 1000# Platform Scales

II

II

Fairbanks-Morse , 2 50 0# Warehouse Scales

II

II

Scalpers
A. T. Ferrell and Company
West Michigan & Wheeler St.
Saginaw, Michigan

Clipper , Model 1297-1

Seed Treaters
Calkins Slurry , Model S-3 0

Calkins Manufacturing Co.
Spokane, Washington

Gustafson Mist-0-Matic, Model MC

Ben Gustafson & Sons Mfg . Co.
1031 Center Avenue
Moorehead, Minnesota

Model M 100

II

Gustafson Mist-0-Matic, Model M400

II

Gustafson Mist-0-Matic

I

Panogen Au tom a tic, Model US 6 0 -C

Panogen Automatic, Model LC

II

Panogen, In corpora ted
110 North Wacker Drive
Chicago 6 , Illinois
II

II

Spiral Separator
Krus sow Double Spiral
* Supplier

Cleland Manufacturing Co.
2800 Washington Avenue North
Minneapolis 10, Minnesota
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EQUIPMENT

MANUFACTURERS

Width and Thickness Grader
Carter Precision Grader

Simon -Carter Company
655 Nineteenth Avenue, N. E.
Minneapolis 18, Minnesota

LIST OF lABORATORY MODEL
SEED PROCESSING EQUIPMENT
Air and Screen Cleaners
Miniature Clipper, Model 29-D

Clipper, Office Model

A. T. Ferrell and Company
West Michigan & Wheeler St.
Saginaw, Michigan
II

II

Aspirator
Superior Fractionating

Superior Separator Company
121 Washington Avenue
Hopkins , Minnesota

Debearder
Clipper

A. T. Ferrell and Company
West Michigan & Wheeler St .
Saginaw, Michigan

Dockage Tester
Carter, Model XT1

Simon -Carter Company
655 Nineteenth Street, N. E.
Minneapolis, Minnesota

Electrostatic Separators
Carpco, Model HP-16

Carpco Research & Eng. Co .
P. 0. Box 3272
Jacksonville 6, Florida

Coronatron

Ding's Magnetic Separator Co .
4740 West Electric AVBnue
Milwaukee 46, Wisconsin

Gravity Tables
Forsberg

Fred Forsberg & Sons , Inc.
Thief River Falls, Minnesota

Oliver Stoner

Oliver Manufacturing Company
Rocky Ford, Colorado
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MANUFACTURERS

Whippet

Sutton , Steele & Steele, Inc.
1031 South Haskell
Dallas 23, Texas

Kvarnmaskiner Laboratory Cleaning Plant
Type KM

A/ B Kvarnmaskiner
Malmo, Sweden

This plant consists of the following equipment:
Scourer (Huller)
Air Separator (Aspirator)
Shaking Sieve Sifter (2 Screen Cleaner)
Table Separator (Gravity Separator)
Trieur (Cylinder Separator)
Length Graders
Carter, Test Cylinders

Carter, Test Disc
Superior, Test Cylinder

Simon -Carter Company
655 Nineteenth Street, N. E.
Minneapolis , Minnesota
II

II

Superior Separator Company
121 Washington Avenue South
Hopkins Minnesota
1

Magnetic Separators
Gompper-Maschinen Gesellshaft
m. b. H. -"Lilliput"

Buderich bei Dusseldorf
Grunstr 32, Postfach , Germany
U . S . Distributor:
Ulbeco, Incorporated
484 State Highway 17
Paramus, New Jersey

Roll Mill (Dodder)
W. A. Rice

W . A. Rice Seed Company
Jerseyville Illinois
I

Roll Mill built by the Seed Technology Lab .
Scalper
Clipper, Model 1297-1

A. T. Ferrell and Company
West Michigan & Wheeler St .
Saginaw , Michigan
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EQUIPMENT
Scarifier

Fred Forsberg & Sons I Inc .
Thief River Falls Minnesota

Forsburg

1

Screens
Complete set of Clipper 9" x 9"
Hand Screens

A. T. Ferrell and Company
West Michigan & Wheeler St.
Saginaw Michigan
I

Seed Treater
Calkins Manu facturing Company
Spokane 1 Washington

Calkins
Spiral Separator

Cleland Manufacturing Company
2800 Washington Avenue North
Minneapolis 10 , Minnesota

Krussow Spiral

Thresher
Bill 1 s Machine Shop
Pullman, Washington

Vogel Head Thresher
Width and Thickness Grader

Simon-Carter Company
655 Ninete enth Avenue N. E.
Minneapolis , Minnesota

Carter Precision Grader

Additional equipment includes: bag holders , sewing machines
probes

moisture testers

1

counters

1

balances

1

1

germinators

1

ovens

1

I

seed

purity boards , seed dividers , seed

microscopes, seed sample cabinets

I

the Vita scope and other

laboratory equipment.
Some of this equipment was contributed by:
Ben Gustafson and Son Manufacturing Company
Burrows Equipment Company
E. L. Erickson Products
Paul Hattaway Company
Redhead Bagholder Corporation
Seedburo Equipment Company

